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GENERAL  EEPOET. 


The  following  report  comprises  the  general  work  of  the  State 
Board  of  Health  of  Massachusetts  for  the  year  ending  Sept.  30, 
1893. 

The  following  are  the  subjects  embraced  in  this  report :  — 

Rbfost  to  the  Legislature  upon  Water  Sufplt  and  Seweraob,  includ- 

INO  THE  ADYICR  OV  THE  BOARD  OITEN  UNDER  THE  PROVISIONS  OF  CHAPTER 

876  OF  THE  Acts  of  1888. 
Suiof  ART  OF  Weekly  Mortality  Returns  from  Cities  and  Towns. 
Reports  of  Infectious  Diseases. 
Repoicts  upon  Food  and  Druo  Inspection. 
Infeotmws  Disease  HosprrALS. 
Health  of  Towns. 

The  following  members  comprised  the  Board  in  1898  :  — 

Henrt  p.  Walcott,  Chairman. 


Frank  W.  Draper. 
Hiram  F.  Mills. 
Elijah  U.  Jones. 


Joseph  W.  Hastings. 
Gerard  C.  Tobet. 
Morris  Schaff. 


J.  H^  Kaymond  resigned  in  Januaiy,  and  G.  C.  Tobey  of  Ware- 
ham  was  appointed  in  his  place. 

General  Sohaff  resigned  in  Auguat,  1893,  and  J.  W.  Hall  of  Pitta- 
field  was  appointed  in  his  place. 

Dr.  ElijaJb  U.  Jones  of  Taunton  died  in  November,  1893.  He  had 
been  a  member  of  the  Board  since  its  reorganizaticm  in  1886,  and 
had  taken  a  deep  and  continued  interest  in  the  work  of  the  Board 
from  tilie  beginning  of  his  connection  with  it. 

C.  H.  Porter  of  Quincy  was  appointed  in  February,  1894,  to  fill 
the  place  made  vacant  by  the  death  of  Dr.  Jones. 


via 
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Infectious  Diseases. 

SmaU'pox. 

During  the  ten  years  ending  with  1892,  the  State  had  been  com- 
paratively exempt  from  small-pox,  the  average  annual  number  of 
deaths  from  this  cause  in  the  State  for  the  ten  years  1883-92  being 
less  than  five,  or  two  and  one-half  per  million  inhabitants ;  and,  while 
the  same  statement  of  exemption  is  true  of  nearly  all  of  the  United 
States  for  the  same  period,  it  is  almost  unparalleled  in  the  experience 
of  any  foreign  country  except  Germany  and  Sweden. 

The  following  table  presents  the  comparative  mortality  of  several 
countries  from  this  cause  for  a  period  of  four  years :  — 


Average  Annual  Mortality  jrom  Smallrpox  per  Million  InhabttanlSt  1886-1889^ 

Four  Years. 


COUNTRIES. 


Annual  D«ath-nte  per 

Million  InhablUnta 

ftom  SmaU-pox. 


Germany,     . 

Sweden, 

Belgium, 

Great  Britain, 

Italy,    . 

Holland, 

Austria, 

Russia  (European), 

Switzerland, 

Spain,  . 

Massachusetts, 


3.5 

0.9 

164.0 

16.0 

636.0 

5.7 

471.0 

281.0 

18.5 

963.0 

2.r 


*  The  epidemic  of  1893-94  inoreases  tbla  average  to  about  8.0  per  million  Inhabltanta  for  a  period  of 
ten  years. 

The  unusual  immunity  of  Germany,  with  a  population  of  nearly 
fifty  millions,  surrounded  and  menaced  by  countries  with  an  almost 
constant  prevalence  of  small-pox,  is  undoubtedly  due  largely  to  the 
excellence  of  its  vaccination  laws  and  the  thorough  manner  of  their 
enforcement. 

In  1883  a  statute  was  enacted  in  Massachusetts  requiring  that 
every  case  of  small-pox  should  be  reported  to  the  State  Board  of 
Health.  Soon  after  the  enactment  of  this  statute  a  circular  was 
prepared  in  which  not  only  the  fact  of  the  existence  of  the  disease 
was  recognized  but  also  other  facts  which  were  deemed  essential  to  a 
complete  record. 
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From  these  notices  the  following  statistics  are  compiled  for  the 
nine  years  ending  with  1893  :  — 


8m€Ul-po2 

;  in  Massachusetts,  1885-1893. 

Ymmms. 

Smai.i«-pox. 

VAOCnrATBD. 

UWACCIKATBD. 

Doubtful  oh  Um- 

KMOWK. 

'  Total 
'  Cftses. 

ToUl      Per   ' 
Deaths.  Cent.  | 

Catee. 

Deaths. 

Pep 
Cent. 

Cases. 

Deaths. 

Per  ' 

Cent 

Cases. 

Deaths. 

Per 
Cent. 

U»,       .        . 

32 

11 

1 
" 

7 

0 

- 

18 

9 

- 

12 

2 

- 

1»S. 

S 

- 

1 

1 

- 

- 

- 

- 

1 

0 

- 

1887, 

13 

- 

6 

0 

- 

6 

2 

- 

2 

2 

- 

vm. 

32 

- 

15 

1 

- 

13 

8 

1 

4 

1 

- 

1S89, 

'       15 

1 

- 

11 

1 

- 

8 

1 

- 

1 

1 

- 

lan. 

6 

- 

2 

_ 

- 

2 

- 

- 

2 

1 

- 

1891, 

i         6 

-    ' 

1 

- 

- 

3 

1 

- 

1 

- 

- 

IMS. 

19 

2 

- 

7 

- 

- 

10 

1 

- 

2 

1 

- 

1993, 

44 

• 

6 

- 

;   11 

0 

- 

27 

6 

- 

6 

0 

- 

168 

1 

84 

20.2 

1 

61 

3 

4.9 

76 

23 

30.8 

81 

8 

25.8 

Summary. — There  were  in  all  168  reported  cases  in  the  nine 
years  (1885-93),  and  34  deaths,  or  20.2  per  cent,  of  the  whole. 

Of  this  number  61  were  vaccinated,  and  of  these  3  or  only  4.9 
percent,  died. 

The  unvaccinated  were  76  in  number,  of  whom  23  or  30.3  per 
eent.  died. 

There  were  also  81  in  whom  the  facts  as  to  vaccination  were 
doabtful  or  not  reported,  and  of  this  number  8  or  25.8  per  cent, 
died. 

By  this  it  appears  that  the  vaccinated  had,  as  compared  with  the 
UQTaccinated,  a  six-fold  immunity  from  death  by  small-pox,  which 
corresponds  fairly  with  other  observations  upon  larger  numbers. 
To  this  statement  it  should  be  added  that  in  very  many  of  the  cases 
recorded  as  vaccinated,  and  especially  among  adults,  there  had  been 
but  one  vaccination,  and  often  a  single  scar  only,  and  that  of  an 
imperfect  character. 

The  following  table  contains  the  principal  items  gathered  from 
^  reports  of  cases  of  small-pox  made  to  the  State  Board  of  Health 
nnder  the  provisions  of  chapter  138  of  the  Acts  of  1883  during  the 

vear  1893. 
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Record  of  Cases  of  Small-pox  reported  to  the  State  Board  of  Health  during  the 
Year  1893 y  under  the  Provisions  of  Chapter  138  of  the  Acts  of  1883, 


1 

^i 

o 

1 

Data 

Place 

NaUonalltj 

1^ 

**  ji 

a 

of 
Report. 

of 
Occnrrence. 

of 
Patient. 

Occupation. 

Age. 

• 

M 

o  = 

1 

5 
1 

1    Jan.     0, 

New  Bedford,   . 

Portuguese, 

Housewife, 

25  years.  F. 

Yes 

. 

. 

2 

Jan.     9,    New  Bedford,    . 

Portuttuese, 

-                   . 

16  mos.     F. 

Yes. 

— 

— 

S 

Jan.   29,    Weslfiold,  . 

American,  . 

Father   an   iron- 

14  years. 

M. 

No. 

— 

moulder. 

4 

Jan.    29, 

WeBtfield,  . 

American, . 

Whip  maker,  . 

16     " 

M. 

No. 

» 

• 

6 

Jan.    29,  ,  Wealfteld,  . 

American, . 

.                   — 

12     " 

M. 

No. 

— 

- 

6 

Jan.   29, 

Weslfiold,  . 

American,  . 

_                   . 

5  mos. 

F 

No. 

• 

1 

7    Jan.    20. 

WcBtfleld,  . 

American,  . 

—                   • 

5  years. 

M. 

No. 

. 

1 

8 

Feb.   17, 

Springfield, 

Irish,  . 

Brass  worker, 

25 years.  M. 

Yes. 

1 

— 

9 

Mar.     4,    Bprinvfield, 

American,  . 

Corset  maker, 

28     •* 

F. 

No. 

— 

« 

10     Mar.  26,    WcBtfleld.  . 

German, 

-                   — 

Adult. 

M. 

^^ 

• 

. 

11  '  April   3, 

West  Held,  . 

Fr.  Canadian,     . 

-                   . 

Adult. 

F. 

« 

• 

. 

12 

April  12, 

North  .Adams.    . 

IrUh.  . 

Rag  cutter. 

15     •• 

F. 

Yes. 

m. 

• 

IS 

June    5,  ,  Pepperell,  . 

French. 

Kag  Borter, 

22     '• 

F. 

No. 

- 

~ 

14 

Sept.  21,    Holyoke,     . 

Italian, 

Bookbinder,    . 

35  years. 

M. 

Yes. 

1 

- 

16     Oct.      2,  '  Holyoke,    . 

Italian, 

-                   — 

1  year. 

M. 

No. 

1 

— 

16    Oct.     8,    IIolyoke>    . 

Fr.  Canadian,     . 

Housewife,      . 

40  years. 

F. 

No. 

• 

17     Oct.    20,    RoBtoD, 

English,      . 

.                   - 

11     " 

M. 

Yes. 

2 

> 

18 

Nov.    6,  '  BoBton, 

Irish,  . 

Laborer,  . 

17     " 

M. 

No. 

— 

. 

19 

Nov.  13,    Boston. 

Irish,  . 

.                   • 

13     " 

F. 

Yes. 

2 

. 

20    Nov.  13,    BoBtoD, 

Irish,  . 

Housewife, 

25     " 

F. 

Yes. 

8 

. 

21     Nov.  13,    BoBton. 

American,  . 

-                   . 

3     " 

F. 

No. 

. 

. 

22 

Nov.  13.    Boston. 

American,  . 

.                   . 

ly.  9m. 

M. 

No. 

. 

m. 

23    Nov.  18,    Boston, 

American,  . 

—                   _ 

4  years. 

F. 

No. 

. 

— 

24    Nov.  19,  ,  Boston, 

Irish,  . 

Stableman, 

28     ••       M. 

Yes. 

2 

. 

25 

Nov.  19,  1  Boston, 

Irish,  . 

Housewife, 

30     '• 

F. 

Yes. 

2 

. 

26 

Deo.     7.    Boston. 

Br.  Provinces,    . 

Scho'lboy, 

14     •« 

M. 

— 

0 

. 

27  *  Dec.     7,    Boston, 

Br.  Provinces,    . 

Errand  boy,    . 

17     " 

M. 

No. 

— 

. 

28  ;  Dec.     7, 

Boston, 

Br.  Provinces,   . 

Hnlesman, 

22     " 

M. 

No. 

_ 

. 

29 

Dec.     8, 

Boston, 

Br.  Provinces,    . 

Table  girl. 

20     «• 

F. 

No. 

. 

. 

80 

Dec.     8,  ,  BoBton, 

Br.  Provinces,    . 

School  girl,      . 

10     " 

F 

No. 

. 

81  ,  Dec.     8, 

Boston, 

Br.  Provinces,    . 

.                    . 

15     " 

F. 

No. 

• 

. 

32 

Dec.     8, 

Boston. 

Br.  Provinces,    . 

.                    _ 

19     •• 

F. 

No. 

• 

1 

83 

Dec.     9, 

Boston. 

Br.  Provinces,    . 

Carpenter, 

54     " 

tf. 

Yes. 

2 

— 

34 

Deo.     9, 

Boston, 

Br.  Provinces,    . 

.                   . 

26     " 

F. 

No. 

• 

1 

85 

Dec.   10, 

Boston, 

Br.  Provinces,   . 

Domestic, 

19     «•        F. 

No. 

m. 

— 

36  1  Dec.   12, 

Somervllle, 

Br.  Provinces,    . 

Harness  maker, 

18     " 

M. 

No. 

_ 

_ 

87  1  Dec.  13. 

Boston, 

American.  . 

—                   _ 

1  mo. 

F. 

No. 

• 

1 

38 

Dec.  14, 

Boston, 

Br.  Provinces,    . 

Domestic, 

IB  years.  F. 

- 

. 

• 

39 

Dec.  15, 

Boston,       • 

Br.  Provinces,    . 

Domestic, 

20     " 

F. 

— 

.. 

. 

40 

Dec.  16, 

Boston. 

Br.  Provinces,    . 

DomesilR, 

21     '• 

F. 

No. 

• 

1 

41 

Dec.  21,    Boston, 

Br.  Provinces,    . 

Housewife, 

24     " 

F. 

No. 

. 

. 

42 

Dec.  23,    BoBton, 

Br.  Provinces,    . 

Domestic, 

19     '« 

F. 

No. 

. 

. 

43 

Dec.  23,    Boston. 

Br.  Provinces,    . 

Shoemaker,     . 

25     " 

M. 

No. 

. 

— 

44     Dec.  26, 

Lowell, 

~              — 

~                    — 

22     " 

M. 

— 

— 

~ 

Notes. — 1,2.  Vaccinated  about  seven  months  since.  4  and  5.  Vaccinated  unsuccessfully  when  a 
child ;  no  further  attempt  was  made.  8.  Vaccinated  twenty.four  and  eighteen  years  ago,  and  had  varioloid. 
9.  Contracted  from  No.  8.  12.  Vaccinated  six  years  since.  14.  Vaccinated  twenty-flve  years  ago;  one 
■mall  scar.  15.  Vaccinated  ten  days  before.  17.  Imperfect  scars.  19.  Vaccinated  in  infancy;  contracted 
smallpox  on  steamer  "Catalonia,"  from  Liverpool.  20.  Vaccinated  in  infancy  and  nine  years  ago. 
Nos.  18,  19  and  20  were  contracted  from  No.  17.  24.  Vaccinated  in  Itifancy  and  November  6 ;  contracted 
from  No.  16.  25.  Vaccinated  in  infancy  and  November  6.  33.  Vaccinated  in  infancy;  two  Imperfect 
•cars.    38.  Vaccinated  December  8;  too  late  to  take  effect.    89.  Vaccinated  December  7. 


These  forty-four  cases  present  several  points  which  are  worthy  of 
note.  Most  of  the  cases  (43  out  of  44)  occurred  in  the  cities  and 
large  towns.  Out  of  the  first  sixteen  cases  which  occurred  during 
the  year,  eleven  occurred  in  places  where  paper  mills  using  rags 
exist.     There   has  been  no  serious  epidemic  of  small-pox   in   the 
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State  daring  the  past  twenty-five  years  in  which  cases  have  not 
occurred  in  considerable  numbers  in  such  cities  and  towns,  and 
while  only  two  of  the  persons  in  the  foregoing  list  are  reported  as 
being  employed  in  handling  rags,  several  of  the  others  are  known  to 
have  lived  in  the  same  families  or  tenements  with  persons  so 
employed. 

Ten  only  out  of  the  forty-four  are  reported  as  having  been  ot 
American  birth. 

Out  of  the  whole  number  25  or  56.8  per  cent,  were  females,  a 
circumstance  which  is  quite  unusual  since  the  majority  of  cases  are 
commonly  men. 

Of  the  whole  number,  8  were  under  five  years  of  age,  6  were 
school-children  or  children  of  school  age,  eight  to  fourteen  years, 
and  of  these,  3  were  un vaccinated. 

Vaccination.  —  In  consequence  of  the  unusual  prevalence  of  small- 
pox during  the  past  season  it  seems  proper  to  state  some  of  the 
principles  relating  to  vaccination  as  clearly  as  possible. 

The  experience  of  nearly  a  century  with  vaccination  has  demon- 
strated its  protective  power  beyond  a  reasonable  doubt.  This 
power,  however,  is  not  absolute,  nor  does  it  continue  throughout 
adult  life.  Hence  it  is  desirable  that  revaccination  should  be  per- 
formed at  or  before  the  period  of  puberty. 

The  provisions  of  the  German  law  afford  a  very  good  rule  in  this 
respect.  It  is  therein  required  that  every  child  shall  be  vaccinated 
before  the  September  of  the  year  following  its  birth,  and  that  every 
school-child  shall  be  re- vaccinated  during  its  twelfth  year. 

The  result  of  the  enactment  of  this  law  in  1874  has  been  the  almost 
complete  extinction  of  small-pox  in  Germany  since  that  date.  In 
the  six  largest  cities  of  the  empire  the  mortality  from  small-pox  was 
reduced  from  92  per  100,000  of  the  population  to  1.4  in  the  ten 
years  after  the  enactment  ot  the  law. 

The  opposition  to  the  practice  of  vaccination  is  by  no  means 
new.  It  is  coeval  with  the  discovery  of  this  extremely  valuable 
means  of  disease  prevention,  and  the  past  century  has  developed 
nothing  new  on  the  part  of  its  opponents,  while  vaccination  itself 
has  received  the  strongest  support  in  the  brilliant  researches  of 
Pasteur  and  others  in  the  direction  of  protective  inoculation  for 
other  diseases. 

The  first  secretary  of  the  State  Board  of  Health,  Dr.  Derby,  said 
of  vaccination :  — 
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We  may  turn  the  question  with  ingenious  skill,  so  that  its  many  facets 
shall  reflect  a  multitude  of  curious  lights,  and  after  all  we  find  that  we  rest 
in  a  security  against  this  most  horrid  pestilence  unknown  to  former  gener- 
ations. 

The  operation  of  vaccination  should  always  be  conducted  with  the 
greatest  care.  The  following  rules  (modified  from  those  of  the 
Local  Government  Board  of  England)  may  be  observed  with  advan- 
tage :  — 

1 .  In  the  vaccination  of  infants  ascertain  that  there  is  not  any  febrile 
condition,  or  irritation  of  the  bowels,  or  an  unhealth}'  state  of  the  skin ; 
^especially  any  chafing  or  eczema  behind  the  ears  or  in  the  groin,  or  else- 
where in  the  folds  of  the  skin.  Where  there  has  been  recent  exposure  to 
the  infection  of  measles  or  scarlet-fever,  and  where  erysipelas  prevails  in 
the  place  of  residence,  vaccination  should  be  delayed  for  a  month,  or  until 
danger  of  other  infection  has  passed. 

2.  In  all  ordinary  cases  of  primary  vaccination,  make  at  least  two  in- 
sertions of  lymph  not  less  than  a  half  inch  apart.  It  is  desirable  that  the 
total  area  of  vesiculation  on  the  same  day  of  the  week  following  the  vacci- 
nation should  amount  to  not  less  than  a  half  of  a  square  inch. 

8.  Direct  that  care  be  taken  for  keeping  the  vesicles  uninjured  during 
their  progress,  and  for  avoiding  the  premature  removal  of  the  crusts.  Do 
not  use  any  needless  means  of  "  protection"  or  of  "  dressing"  to  a  vac- 
cinated arm ;  but,  if  in  a  particular  case,  you  find  reason  for  means  of 
"  protection"  or  of  "  dressing,"  define  the  material  and  the  manner  of  use 
of  the  appliances  best  adapted  to  the  case,  avoiding  all  such  as  cannot  be 
readily  destroyed  and  replaced  whenever  they  become  soiled. 

4.  Keep  a  careful  record  of  vaccinations,  in  which  may  be  placed  the  fol- 
lowing items :  date  of  vaccination,  name,  age  and  sex  of  child,  character 
and  source  of  lymph  used,  number  of  insertions,  result  of  inspection  at 
end  of  a  week,  remarks,  abnormal  appearances,  etc. 

Record  as  ''  successful"  only  those  cases  in  which  a  normal  vesicle  has 
been  produced.  In  cases  of  re  vaccination  record  as  successful  only  those 
•cases  in  which  either  vesicles,  normal  or  modified,  or  papules  surrounded 
by  areolae,  have  resulted. 

5.  Use  bovine  lymph  preferably.  In  times  of  epidemics  of  small-pox, 
and  especially  in  cases  where  persons  about  to  be  vaccinated  have  been 
recently  exposed  to  small-pox,  the  age  of  the  lymph  (time  since  it  was 
taken  from  the  animal)  should  be  definitely  ascertained,  and  in  such  cases 
recent  lymph  should  always  be  employed  in  preference  to  that  which  is 
more  than  ten  days  old.  If  bovine  lymph  cannot  be  obtained  and  the 
lymph  from  a  healthy  infant  taken  on  the  seventh  day  after  vaccination 
can  be  had,  this  may  be  used.     Humanized  lymph  should  never  be  taken 
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from  cases  of  reyaccination,  but  invariably  from  a  primary  case  and  from 
an  infant  in  good  health  and  of  healthy  parentage. 

6.  Keep  in  good  condition  the  lancets  or  other  instruments  employed 
for  vaccination  and  use  them  for  no  other  purpose. 

When  vaccinating,  have  a  clean  napkin  and  a  glass  of  water  containing  a 
disinfectant  at  your  side,  with  which  invariably  cleanse  the  lancet  after 
each  operation  before  proceeding  to  another.  Dipping  the  lancet  in  strong 
alcohol  and  immediately  passing  it  through  the  flame  of  a  lamp  undoubtedly 
serves  to  sterilize  it. 

Never  use  an  ivory  point  a  second  time  either  for  the  conveyance  or  for 
the  storage  of  lymph,  but  when  they  have  been  put  to  their  proper  use, 
break  or  otherwise  destroy  them. 

'^  The  best  results,  on  the  whole,  are  those  which  follow  the  plan  of 
scarification  or  abrasion."  —  Seaton. 

The  greatest  care  should  be  taken  in  performing  the  operation  to  secure 
aseptic  conditions,  in  other  words,  absolute  cleanliness.  For  this  purpose 
the  place  of  insertion,  preferably  the  outer  and  anterior  part  of  the  arm 
from  three  to  five  inches  below  the  bend  of  the  shoulder,  should  be  washed 
with  soap  and  water  and  then  wiped  dry. 

Scarify  or  lightly  abrade  the  surface  in  at  least  two  places  about  an  inch 
apart,  until  the  scarified  spots  appear  slightly  red  and  moist,  but  not  enough 
to  draw  blood  freely. 

Moisten  the  ivory  slips  slightly  at  the  points  with  pure  water,  and  wipe 
off  the  lymph  upon  the  scarified  places,  using  at  least  two  points  for  each 
person  vaccinated. 

Never  use  one  point  for  two  persons. 

The  after  treatment:  If  any  blood  remains  at  the  points  of  insertion  it 
should  be  allowed  to  dry,  and  should  not  be  washed  off  until  the  third 
morning  after  vaccination,  when  it  may  be  removed  by  washing  gently  with 
a  little  pure  warm  water  and  a  clean  flannel  or  linen  cloth.  After  this,  a 
clean  piece  of  soft  linen  may  be  sewed  around  the  arm  to  prevent  the  sleeve 
from  chafing  the  vesicles.     This  should  be  changed  daily. 

7.  The  vaccinator  should  in  all  cases  require  that  each  vaccinated  person 
should  appear  at  the  end  of  a  week  for  inspection,  and  especially  in  each 
case  of  primary  vaccination,  if  the  operation  proves  ineffectual,  the  vacci- 
nation should  be  repeated  with  fresh  lyjnph. 

Cases  of  Doubtful  Diagnosis.  —  In  all  of  the  comparatively  slight 
epidemics  of  small-pox  which  have  occurred  in  recent  years  there  has 
been  a  considerable  number  of  cases  in  which  the  diagnosis,  especi- 
ally in  the  early  stage  of  the  disease,  was  more  or  less  involved  in 
doubt,  and  this  was  particularly  true  of  those  cases  which  occurred 
in  the  practice  of  young  physicians  who  have  entered  upon  practice 
since  the  epidemic  of  1872-73. 


xiv  STATE  BOARD   OF  HEALTH.  [Jan. 

Cases  of  measles,  of  chicken-pox,  as  well  as  some  of  the  ordinary 
forms  of  skin  diseases,  have  been  mistaken  for  small-pox,  while 
cases  of  genuine  variola  have  been  reported  as  chicken-pox,  measles, 
etc.  This  fact  is  not  to  be  wondered  at  when  it  is  known  that  small- 
pox has  been  of  such  rare  occurrence  during  the  twenty  years  inter- 
vening between  1873  and  1893  that  probably  not  one  physician  in 
a  hundred  in  the  State  has  met  with  a  single  case  during  that 
time. 

In  consequence  of  this  fact  it  is  desirable  that  any  doubtful  cases 
occurring  in  the  practice  of  physicians  who  are  not  familiar  with  the 
natural  history  of  the  disease  should  be  examined  in  consultation 
with  a  physician  who  has  had  experience  in  such  cases.  Much 
doubt  and  much  annoyance  to  communities  where  such  cases  may 
occur  may  thus  be  avoided,  and  in  some  instances  serious  outbreaks 
may  be  prevented. 

Other  Infectious  Diseases, 

From  such  reports  as  have  been  received  from  local  boards  of 
health  during  1893  it  appears  that  the  prevalence  of  diphtheria  and 
typhoid  fever  has  differed  but  little  in  severity  from  that  of  the  pre- 
vious year.  The  number  of  reported  cases  and  deaths  from  each  of 
these  causes  was  but  little  greater  for  each  disease. 

From  scarlet  fever  the  reported  cases  and  deaths  were  much 
larger  in  number  than  those  of  either  1891  or  1892. 

From  measles  the  cases  and  deaths  were  greater  than  those  of 
1891  and  very  largely  in  excess  of  those  of  1892. 

The  statistics  giving  the  number  of  reported  cases  and  of  reported 
deaths,  together  with  the  ratios  of  fatality,  may  be  found  at  page 
741,  under  the  head  of  Health  of  Towns. 

Many  requests  were  received  during  the  year  for  advice  in  regard 
to  the  management  and  control  of  infectious  diseases,  and  visits 
were  made  to  Provincetown,  Newburyport,  Ludlow,  Somerville, 
Dalton,  Hanover,  Douglas,  Falmouth,  Rowley,  Topsfield  and  other 
places  for  the  purpose  of  investigating  local  outbreaks  of  typhoid 
fever,  scarlet  fever  and  diphtheria,  and  for  affording  such  assistance 
to  local  boards  of  health  as  it  was  in  the  power  of  the  State  Board 
to  give. 
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Notification  of  Infectious  Diseases. 

Among  the  differeDt  measures  employed  by  sanitary  authorities 
for  the  prevention  of  the  spread  of  infectious  diseases,  the  notifica- 
tion of  the  occurrence  of  such  diseases  now  occupies  a  prominent 
place.  Municipal  authorities  especially  should  have  the  requisite 
power  everywhere  to  require  immediate  notice  to  be  given  them  of 
every  fresh  outbreak  of  diseases  dangerous  to  the  public  health  in 
order  that  such  authorities  may  take  proper  measures  for  the  protec- 
tion of  the  community. 

The  chief  advantages  of  a  system  of  notification  lie  in  the  pos- 
sibility which  is  thus  given  to  a  local  board  of  health  to  determine 
the  extent  of  prevalence  of  an  epidemic  or  a  localized  outbreak,  and 
to  inquire  into  the  local  causes  which  have  operated  to  produce  it. 
The  board  can  then  act  intelligently  in  applying  the  proper  remedies 
for  preventing  its  further  spread. 

Laws  enacted  with  this  object  in  view  have  been  in  force  in  the 
older  States  for  many  years,  but  not  until  within  the  past  ten  or 
twenty  years  have  pains  been  taken  to  execute  such  statutes  with 
such  degree  of  efficiency  as  to  make  them  really  protective.  The 
law  requiring  the  householder  to  report  each  case  of  dangerous 
disease  to  the  local  authority  was  enacted  in  Massachusetts  in  1792, 
and  that  which  requires  the  same  duty  on  the  part  of  the  attending 
physician  was  enacted  in  1827. 

There  can  be  no  doubt  that  the  law  relative  to  notification  has 
been  productive  of  excellent  results  in  the  prevention  of  disease, 
especially  in  the  cities  and  large  towns.  It  has  furnished  the  local 
boards  of  health  with  the  necessary  information  relative  to  the  origin 
of  outbreaks  of  infectious  disease,  and  in  many  instances  enabled 
them  to  take  timely  steps  for  preventing  its  further  spread.  The 
law  of  1884  requiring  local  boards  to  keep  records  upon  this  im- 
portant matter  has  furnished  information  as  to  the  prevalence  of 
certain  diseases  in  the  principal  cities  and  towns  of  the  Stat«,  and 
has  enabled  school  authorities  to  guard  against  the  introduction  and 
spread  of  contagious  diseases  in  the  public  schools  by  means  of  the 
provision  which  requires  the  local  board  of  health  to  notify  the 
school  committee  of  the  occurrence  of  all  cases  of  such  contagious 
disease.  In  the  smaller  towns  it  is  probable  that  instances  of  failure 
to  comply  with  the  provisions  of  the  statute  are  much  more  frequent 
than  they  are  in  cities. 
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The  statutes  referred  to  in  the  foregoing  comments  are  as  fol- 
lows :  — 

[PuBLio  Statutes,  Chaptxb  80,  Section  78;  Acts  of  1884,  Chafteb  98,  and  Acts  or  1891, 

Chapter  188.] 

(1.)  When  a  householder  knows  that  a  person  within  his  family  is  sick 
of  small-pox,  diphtheria,  scarlet  fever  or  any  other  disease  dangerous  to 
the  public  health,  he  shall  immediately  give  notice  thereof  to  the  selectmen 
or  board  of  health  of  the  town  in  which  he  dwells,  and  upon  the  death, 
recovery  or  removal  of  such  person,  the  rooms  occupied  and  the  articles 
used  by  him  shall  be  disinfected  by  such  householder  in  a  manner  approved 
by  the  board  of  health.  Any  person  neglecting  or  refusing  to  comply  with 
either  of  the  above  provisions  shall  forfeit  a  sum  not  exceeding  one  hundred 
dollars. 

(2.)  When  a  physician  knows  that  a  person  whom  he  is  called  to  visit  is 
infected  with  small-pox,  diphtheria,  scarlet  fever  or  any  other  disease 
dangerous  to  public  health,  he  shall  immediately  give  notice  thereof  in 
writing,  over  his  own  signature,  to  the  selectmen  or  board  of  health  of  the 
town ;  and  if  he  refuses  or  neglects  to  give  such  notice  he  shall  forfeit  for 
each  offence  not  less  than  fifty  nor  more  than  two  hundred  dollars. 

(3.)  The  boards  of  health  in  the  several  cities  and  towns  shall  cause  a 
record  to  be  kept  of  all  reports  received  in  pursuance  of  the  preceding  sec- 
tions, and  such  record  shall  contain  the  names  of  all  persons  who  are  sick, 
the  localities  in  which  they  live,  the  diseases  with  which  they  are  affected, 
together  with  the  date  and  the  names  of  the  persons  reporting  any  such 
cases.  The  boards  of  health  shall  give  the  school  committee  immediate 
information  of  all  cases  of  contagious  diseases  reported  to  them  according 
to  the  provisions  of  this  act. 

(4.)  The  secretary  of  the  Commonwealth  shall  furnish  the  boards  of 
health  with  blank  books  for  the  record  of  cases  of  contagious  diseases  as 
above  provided. 

As  an  additional  measure  in  the  same  direction  the  Legislature  of 
1893  enacted  the  following  law,  requiring  that  contagious  diseases 
reported  to  the  local  boards  of  health  shall,  in  turn,  be  reported  by 
them  to  the  State  Board  of  Health  :  — . 

[Chapter  802  op  the  Acts  of  1893.] 

(1.)  When  the  board  of  health  of  any  city  or  town  has  had  notice  of 
the  occurrence  of  a  case  of  small-pox  or  any  other  disease  dangerous  to 
the  public  health  in  such  city  or  town,  such  board  of  health  shall,  within 
twenty- four  hours  after  the  receipt  of  such  notice,  notify  the  State  Board 
of  Health  of  the  same. 

(2.)  If  the  board  of  health  of  the  city  or  town,  in  which  a  case  of  small- 
pox or  any  other  disease  dangerous  to  the  public  health  has  occurred. 
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refases  or  neglects  to  send  a  notice  as  required  in  section  one,  such  city  or 
town  shall  forfeit  its  claim  npon  the  Commonwealth  for  the  payment  of  any 
expenses  which  may  be  incurred  as  provided  in  section  eighty-three  of 
chapter  eighty  of  the  Public  Statutes. 

This  recent  law  went  into  effect  in  June,  1893,  but  very  few  returns 
in  compliance  with  its  provisions  were  received  by  the  State  Board 
of  Health  until  after  public  notice  had  been  given  by  the  Board  by 
means  of  a  circular  which  was  distributed  to  every  Board  of  Health 
throughout  the  State. 

As  the  <<  diseases  dangerous  to  the  public  health"  were  not  speci- 
fied in  the  foregoing  act,  with  the  exception  of  small-pox,  the  Board 
deemed  it  desirable  for  the  sake  of  securing  uniform  action  on  the 
part  of  local  boards,  that  some  definite  expression  of  opinion  should 
be  made  as  to  the  meaning  of  the  term  **  other  diseases  dangerous  to 
the  public  health." 

Hence,  in  the  circular  named  above,  the  Board  suggested  that,  in 
addition  to  small-pox^  the  following  diseases  shall  be  considered  as 
dangerous  to  the  public  health  within  the  meaning  of  the  foregoing 
act :  scarlet  fever  ^  measles,  typhoid  fever ,  diphtheria,  membranous 
croup,  cholera,  yellow  fever,  typhus  fever,  cerebrospinal  meningitis, 
hydrophobia,  malignant  pustule,  leprosy  and  trichinosis, 

A  supply  of  postal  blanks  was  forwarded  with  the  circular  for  the 
purpose  of  enabling  local  boards  of  health  to  comply  with  the  terms 
of  the  act. 

Various  attempts  have  been  made  in  England  to  enact  a  similar 
statute,  but  these  efforts  were  unsuccessful  until  1889.  By  the 
terms  of  the  law  then  enacted  the  notification  of  infectious  diseases 
to  the  sanitary  authority  was  made  compulsory  throughout  London, 
while  the  principle  of  local  option  was  applied  to  all  other  districts. 

During  the  year  in  which  this  bill  was  under  consideration  by 
Parliament,  intense  opposition  had  been  manifested  by  many  of  the 
members  of  the  medical  profession  throughout  England.  Objections 
were  offered  not  only  by  the  people,  but  also  by  the  medical  profes- 
sion, but  the  bill  passed  and  finally  became  a  law. 

The  fallacy  of  the  objections  has  been  abundantly  proven  by  the 
three  years'  experience  of  the  towns  of  England  where  the  Notifica- 
tion Act  has  been  adopted.  The  notification  of  each  case  is  made  by 
a  certificate  furnished  by  the  attending  physician,  for  which  a  fee  of 
two  shillings  and  sixpence  is  paid,  except  in  a  case  where  the  person 
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giving  the  certificate  is  the  medical  o£Scer  of  a  public  institution, 
when  the  fee  is  one  shilling. 

The  diseases  to  which  this  act  applies  are  small-pox,  cholera,  diph- 
theria, membranous  croup,  erysipelas,  scarlet-fever,  typhus,  typhoid 
and  puerperal  fevers,  and  any  other  infectious  disease  which  may  be 
added  to  this  list  by  the  sanitary  authority  of  a  district. 

Up  to  the  year  1892,  the  act  had  been  adopted  in  1,051  districts, 
having  an  aggregate  population  of  nearly  sixteen  millions,  to  which 
should  be  added,  the  population  of  London  and  fifty  towns  in  which 
local  acts  made  it  compulsory,  making  in  all  a  population  of  24,- 
012,399  over  which  the  act  was  in  force,  out  of  a  total  of  29,001,018. 
In  a  few  towns  the  sanitary  authorities  had  availed  themselves  of  the 
power  to  require  notification  in  the  case  of  measles,  rotheln,  chicken- 
pox  and  hydrophobia. 

Further  information  as  to  the  details  of  the  operation  of  the  statute 
of  1893  may  be  found  upon  page  639. 

OrrENsrvE  Trades. 

Under  the  provisions  of  the  acts  relating  to  noxious  and  offensive 
trades  the  State  Board  of  Health  is  authorized  to  hear  parties  making 
complaints,  and  when  <Mn  the  judgment  of  the  Board  the  public 
health  or  the  public  comfort  and  convenience  require,  the  Board 
may  order  any  person  to  desist  and  cease  from  further  carrying  on 
said  trades  or  occupations."  No  applications  under  this  act  were 
received  during  the  year,  but  visits  and  ins'pections  were  made  at 
the  request  of  local  boards  of  health  in  two  instances,  where  render- 
ing works  were  being  conducted. 

The  Board's  Exhibit  at  the  Columbian  Exposition  (1893). 

The  subject  of  public  hygiene  was  represented  at  the  Columbian 
Exposition  at  Chicago  by  exhibitions  of  the  work  of  State  and  local 
boards  of  health.  The  exhibits  of  this  important  department  of 
public  work  were  installed  in  the  Anthropological  Building,  in  the 
south  part  of  Jackson  Park.  Of  these  exhibits  none  created  greater 
or  more  favorable  comment  than  that  of  the  State  Board  of  Health 
of  Massachusetts. 

It  is  proper  that  some  account  of  the  exhibition  should  be  made  a 
matter  of  public  record  in  this  report  of  work  for  the  year  1893. 

A  communication  was  received  Sept.  24,  1892,  from  the  superin- 
tendent of  the  Bureau  of  Hygiene  and  Sanitation  of  the  Department 
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of  Liberal  Arts  of  the  Columbian  Exposition,  calling  the  attention 
of  the  Board  to  the  opportunity  that  would  be  given  at  the  Fair  for 
placing  before  the  public  the  work  of  State  boards  of  health  in  the 
prevention  of  infectious  diseases,  and  at  the  same  time  asking  whether 
the  Board  desired  to  be  represented  at  the  Exposition. 

At  a  later  date  (Dec.  28,  1892)  further  information  was  received 
upon  the  subject,  together  with  a  blank  form  of  application  for 
allotment  of  space  in  which  to  install  the  exhibit  of  the  Board. 

At  the  next  meeting  of  the  Board  (January,  1893)  it  was  voted 
to  ask  for  1,200  square  feet  of  space  for  the  Board's  exhibit. 

The  Board  was  informed  that,  in  consequence  of  the  fact  that  only 
10,000  feet  could  be  devoted  to  the  whole  subject  of  hygiene  and 
sanitation  in  the  United  States,  it  would  be  impossible  to  afford  an 
eighth  of  it  to  the  State  of  Massachusetts.  It  was  therefore  finally 
decided  to  grant  the  Board  500  feet  of  space  for  its  purpose.  To 
this  space  were  ultimately  added  120  square  feet. 

An  appropriation  had  already  been  provided  by  the  Legislature 
to  defray  the  expenses  of  such  representations  as  might  be  made  at 
the  Exposition  by  different  departments  of  the  State  government, 
and  the  sum  of  $4,000  was  set  aside  for  the  exhibit  of  the  State 
Board  of  Health.  The  Board  then  directed  that  an  exhibit  should 
be  prepared  representing  the  progress  of  public  hygiene  in  the 
State. 

The  exhibit  consisted  of  the  following  items  :  — 

General  Sanitary  Work  of  the  Board, 

Complete  set  of  reports  of  State  Board  of  Health  from  1869  to  1891. 
Special  reports  of  the  Board,  circulars  upon  infectious  diseases  and  other 

health  topics,  sets  of  blank  forms  and  manual  of  health  laws. 
Beports  of  city  boards  of  health  of  Massachusetts  for  the  year  1892. 

Charts  and  Diagrams  illustrating  the  Following  Subjects. 

The  death-rate  of  Massachusetts  for  a  series  of  years. 

Effect  of  density  of  population  on  the  general  death  rate. 

^Effect  of  density  of  population  on  the  death  rate  from  each  of  the  follow- 
ing diseases  (for  twenty  years,  1871-90)  :  Measles,  scarlet  fever, 
diphtheria,  small-pox,  typhoid  fever,  cholera  infantum,  consumption 
and  pneumonia. 

Improvement  in  registration. 

Decline  in  death  rates  from  certain  causes. 

rSeasonal  mortality  in  Massachusetts. 


XX  STATE  BOARD  OF  HEALTH.  [Jan. 

Oeographical  Distribution  of  Eight  Diseases. 

Eight  maps  showing  the  comparative  mortality  from  measles,  scarlet  fever, 
diphtheria,  small-pox,  typhoid  fever,  cholera  infantum,  phthisis  and 
pneumonia. 

Diagrams  and  maps  illustrating  epidemics  of  typhoid  fever  in  Springfield 
and  Lowell. 

Engineering  Department  (  Water  Supply  and  Sewerage) . 

Model  of  Lawrence  Experiment  Station,  carefully  constructed  of  wood  and 

iron  painted,  and  in  a  scale  of  one-half  inch  to  the  foot. 
Sand  sieve. 
Steam  sterilizer. 
Thermostat. 
Gaivanized-iron  filter. 
Complete  battery  of  stills. 
Sections  of  sand  filters,  in  glass  tubes. 
Apparatus  for  determining  the  color  of  waters. 
Bacteria  stand,  with  tubes. 
Sets  of  double  dishes. 
Large  map  of  Massachusetts  showing  the   normal   chlorine  of   different 

regions. 
Small  map  of  Massachusetts  showing  the  normal  chlorine  of   different 

regions. 
Water-shed  map  of  Massachusetts. 
Lower  basin  of  Merrimack  River  (blue  print). 
Temperature  chart. 

Chart  showing  advice  to  cities  and  towns,  water  supplies. 
Chart  showing  advice  to  cities  and  towns,  sewage  disposal. 
Chart  showing  average  of  water  analyses. 
Map  of  North  Metropolitan  Sewerage  System. 
Map  of  Lawrence  city  filter. 
Photographs  of  Framingham  sewage  beds. 

Pumping  station. 

Applying  sewage.     (2  photographs.) 

Cornfield  treated  with  sewage. 
Photographs  of  Marlborough  sewage  beds. 

Gate-house. 

Underd  rains. 

Filter-bed. 

Filter-beds  after  harrowing. 
Room  36,  Massachusetts  Institute  of  Technology  (Laboratory  of   State 

Board  of  Health).     (2  photographs.) 
Lawrence  Experiment  Station.     (3  photographs.) 
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Photographs  of  hacteria  cultures. 
City  water  of  Lawrence  and  Tank  8. 

Tanks  1,  2,  6  and  13. 
Forty  one-gallon  bottles,  containing :  — 

Samples  of  sewage  applied  to  each  of  the  filters  at  Lawrence,  Framing- 
ham,  etc. 
Samples  of  effluents  from  sewage-filters  at  Lawrence,  Framingham,  etc. 
Samples  of  sewage  containing  dyes  (with  water  before  and  after  filtration)  • 
Samples  of  Merrimack  River  water  before  and  after  filtration. 
Samples  of  surface  and  ground  waters  from  rivers,  ponds,  reservoirs, 
wells,  springs,  etc.  (pure  and  polluted). 
Series  of  eight-ounce  bottles  containing  samples  of  filtering  materials,  sand, 
gravel,  etc. 

Department  of  Food  and  Drug  Inspection. 

Charts  showing  ratio  of  adulteration  of  milk  in  Massachusetts. 

Charts  showing  ratio  of  adulteration  of  other  kinds  of  food. 

Charts  showing  ratio  of  adulteration  of  spices. 

Chart  showing  decrease  in  ratio  of  hogs  infected  with  trichinae  under  im- 
proved modes  of  feeding. 

Chart  showing  ratio  of  expenditure  for  food,  clothing,  rent,  fuel,  etc.,  in 
different  countries. 

Micro-photographs  of  pure  articles  of  food:  coffee,  pepper,  mustard, 
cloves,  ginger,  etc. 

Micro-photographs  of  the  same  when  adulterated. 

Samples  of  pure  foods,  in  glass  bottles. 

Samples  of  adulterants  used  in  the  foregoing,  as  sold  commercially  for  th« 
purpose  of  adulteration. 

Models  of  trichinse,  free  (male  and  female)  and  encysted. 

Information  was  received  that  the  Anthropological  Building  would 
be  ready  for  the  reception  of  exhibits  by  the  12th  of  April. 

The  material  was  collected  at  the  building  of  the  Mechanics' 
Charitable  Association  in  Boston,  and  was  boxed,  ready  for  ship- 
ment, in  fifty-four  packages,  and  left  Boston  on  April  10.  It 
arrived  at  the  Fair  grounds  in  good  condition  on  April  12,  but  the 
building  was  then  in  no  condition  to  receive  it,  and  it  was  therefore 
stored  near  by  until  the  building  could  be  completed.  The  roof 
was  not  put  on  till  April  29. 

Prof.  W.  T.  Sedgwick  was  given  charge  of  installing  the  exhibit, 

and  went  to  Chicago  for  that  purpose.     He  obtained  the  services  of 

attendants,  so  that  some  one  was  in  charge  of  the  exhibit  from  the 

outset  to  the  close  of  the  Exposition,  a  fact  which  contributed  very 

largely  to  its  success. 
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In  commenting  upon  this  exhibit,  Mr.  E.  C.  Hovey,  secretary 
and  executive  officer  of  the  Massachusetts  commission  at  the  Fair, 
says :  — 

Two  exhibits  alone  were  well-nigh  worth  the  entire  siim  expended  by 
the  Commonwealth  on  her  contribations  to  these  important  departments. 
The  exhibits  of  the  Massachusetts  State  Board  of  Health  aad  the  Rumford 
Kitchen  were  sui  generis,  and  told  to  the  world  in  a  most  striking  manner 
their  story  of  patient  investigation  and  continued  research.  Through  the 
auspices  of  the  State  Board  of  Health  there  was  installed  an  exhibit  which, 
in  a  most  complete  and  graphic  manner,  laid  before  the  visitor  the  work 
which  has  been  accomplished  in  the  State  in  dealing  with  the  problems  of 
health  as  dependent  upon  sanitation.  Here  also  was  to  be  seen  a  model 
of  the  Experiment  Station  in  Lawrence,  which  it  may  be  truly  said  has  not 
its  equal  in  the  country.  The  important  investigations  made  by  the  Board 
of  Health,  looking  to  the  prevention  of  the  adulteration  of  food,  were 
effectively  shown,  and  the  walls  were  covered  with  charts  and  statistics 
which  served  to  demonstrate  the  nature  of  the  researches  made  by  the 
Board,  researches  which  have  had,  and  will  continue  to  have,  marked  in- 
fluence on  the  health  of  the  citizens  of  the  Commonwealth.* 

Many  thousands  of  visitors  viewed  the  exhibit  of  the  Board  dur- 
ing the  continuance  of  the  Fair,  and  especially  during  the  week  of 
the  congress  of  public  hygiene.  The  Board  published  a  large 
edition  of  a  guide  or  prospectus  of  the  exhibit,  which  was  distrib- 
uted free  to  all  visitors.  The  exhibit  also  received  very  favorable 
comment  in  the  various  medical  and  sanitary  periodicals,  not  only 
in  the  United  States  but  also  in  foreign  countries. 

The  following  notice  of  award  has  been*  received  by  the  Board  :  — 

UNITED   STATES. 

DEPARTMENT   OF   LIBERAX   ARTS. 

Exhibitor.  —  State  Board  of  Health.      Group  147.  —  Class  833. 

Address.  —  Boston,  Mass.  Exhibit.  —  Maps,  Charts  and  Models. 

Award. 

For  exhaustive  examinations  and  reports  upon  the  public  water  supplies 
of  the  State  ;  the  relation  of  water  supply  to  the  public  health,  resulting  in 
a  definite  knowledge  as  to  the  ways  in  which  certain  diseases  are  dissemi- 
nated ;  and  the  best  methods  of  protecting  the  purity  of  waters  used  for 

^  IBII^I  I  I  '  -  ' ' '  " 

*  New  Bngland  Magazine,  Febraary,  1894.    Article  by  OommlMloner  B.  O.  Hovey. 


1894.]  PUBLIC  DOCUMENT  — No.  34.  xxiii 

domestic  purposes,  thereby  diminishing  the  prevalence  of  water-carried 
diseases. 

For  the  practical  application  of  the  experimental  methods  to  the  opera- 
tion of  sewerage  and  sewage  disposal. 

For  the  construction  of  a  filter  for  the  removal  of  the  germs  of  diseases 
from  the  polluted  water  supply  of  a  city. 

For  an  important,  instructive  and  accurate  series  of  statistical  charts 
showing  the  distribution  of  diseases  throughout  the  State. 

For  important  investigations  in  regard  to  food  adulteration. 

(Signed)  John  H.  Rauch, 

Individual  Judge, 
Approved:  Dr.  K.  Buenz, 

President  Departmental  Committee,^ 

Approved :  John  Boyd  Thacher, 

Chairman  Executive  Committee  on  Awards, 

Date:  Feb.  28,  1894. 

Expenses  of  the  Exhibit. 

The  expenses  of  this  exhibit  were  as  follows,  a  special  appropria- 
tion having  been  generously  provided  by  the  Legislature,  for  this 
exhibit  as  well  as  for  those  of  other  State  departments  :  — 

I^bor  and  cost  of  materials  in  preparing  tbe  exhibit,                 .        .  11,514  92 

Boxing  and  packing  exhibit, 66  44 

Transportation, 180  05 

Installation 1,026  89 

Attendance, 1,128  80 

Janitor  service, 98  50 

#4,004  60 

Manual  or  Health  Laws. 

The  Board  has  published,  at  intervals  of  four  years,  since  1882,  a 
manual  for  the  use  of  boards  of  health,  containing  all  of  the  laws 
relating  to  public  health  which  have  been  enacted  up  to  tbe  date  of 
publication,  together  with  such  decisions  of  the  supreme  court  as 
have  been  made  upon  the  same  subject. 

Compilations  of  this  character  have  been  issued  in  1882,  1886  and 
1890.  The  edition  of  1890  having  become  exhausted  tbe  Board 
authorized  the  publication  of  a  new  edition,  which  was  prepared  by 
the  secretary,  with  the  advice  of  Mr.  Tobey. 

The  manual  has  become  an  indispensable  aid  to  local  boards  of 
health,  since  it  obviates  the  necessity  of  owning  not  only  a  copy  of 
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the  Public  Statutes  (edition  of  1882)  but  also  of  each  of  the  Blue 
Books  containing  the  acts  and  resolves  of  each  successive  year  since 
1882.  Copies  of  the  Manual  have  been  furnished  to  each  of  the 
local  boards  of  health  throughout  the  State,  to  the  public  health 
committee  of  the  Legislature,  and  to  other  persons  interested  in 
public  hygiene.  The  book  contains  about  200  pages,  with  a  very 
full  index.  It  has  the  laws  relating  to  the  public  health,  including 
those  which  pertain  to  the  inspection  of  food  and  drugs,  the  regis- 
tration of  vital  statistics  and  the  medical  examiners'  laws. 

Cremation. 

Under  the  provisions  of  chapter  265  of  the  Acts  of  1885  the 
Legislature  authorized  the  formation  of  corporations  for  the  purpose 
of  incinerating  the  bodies  of  the  dead. 

By  the  terms  of  this  act  it  was  provided  that  — 

Every  such  corporation  may  acquire  by  gift,  devise  or  purchase,  and 
hold  1q  fee  simple  so  much  real  estate  not  exceeding  in  value  fifty  thousand 
dollars  as  may  be  necessary  for  carrying  out  the  objects  connected  with  and 
appropriate  to  the  purposes  of  said  corporation,  and  situated  in  such  place 
as  the  state  board  of  health  may  determine  to  be  suitable  for  said  objects 
and  purposes.  No  building  shall  be  erected,  occupied  or  used  by  such 
corporation  until  the  location  and  plans  thereof,  with  all  details  of  con- 
struction, have  been  submitted  to  and  approved  by  said  board  or  some  per- 
son designated  by  it  to  examine  them. 

Every  such  corporation  may  make  by-laws  and  regulations  consistent 
with  law  and  subject  to  the  approval  of  said  state  board,  for  the  reception 
and  cremation  of  bodies  of  deceased  persons,  and  for  the  disposition  of  the 
ashes  remaining  therefrom. 

Further  provision  was  made  in  the  same  act  to  prevent  the  con- 
cealment of  crime  in  the  case  of  cremated  bodies. 

Acting  under  the  provisions  of  this  act  the  Massachusetts  Crema- 
tion Society  applied  to  the  Board  April  3,  1893,  requesting  its 
approval  of  a  location  for  a  crematory  in  the  city  of  Boston,  the 
location  being  a  tract  of  nearly  two  acres  on  the  north-west  side  of 
Walk  Hill  Street,  near  the  Forest  Hills  Cemetery. 

The  Board,  after  viewing  the  premises,  approved  the  location. 
Subsequently,  the  plans  and  method  of  cremation  were  submitted 
to  the  Board,  and  after  examination  by  a  competent  engineer  these 
also  were  approved,  together  with  certain  regulations  adopted  by 
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the   society.      The  regulations  approved    by  the  Board   were  as 
follows :  — 

Every  dead  body  received  for  cremation  mast,  if  the  death  occurred  in 
Massachusetts,  Rhode  Island,  or  Connecticut,  be  accompanied  by  the  usual 
burial  permit  required  by  law  before  burial,  and  by  certificate  from  the 
medical  examiner  of  the  district  within  which  the  death  occurred,  that  he 
has  viewed  the  body  and  made  personal  inquiry  into  the  cause  and  manner 
of  death,  and  is  of  opinion  that  no  further  examination  or  judicial  inquiry 
concerning  the  same  is  necessary.  Dead  bodies  received  from  states  other 
than  those  above  mentioned  must  be  accompanied  by  the  certificates  of  two 
physicians  (each  of  whom  must  be  a  graduate  of  some  legally  organized 
medical  college,  and  one  of  whom  shall  have  been  the  attending  physician 
of  the  deceased) ,  setting  forth  the  cause  of  death  and  the  opinion  that  no 
further  examination  or  judicial  inquiry  concerning  the  same  is  necessary. 

The  crematory  was  completed  and  ready  for  the  reception  of 
bodies  for  incineration  in  December,  and  the  first  cremation  took 
place  on  December  30,  1893.     From  that  date  up  to  the  present 
time  (May,  1894)  the  whole  number  of  bodies  cremated  was  thirty- 
one,  of  which  number  sixteen  were  males  and  fifteen  were  females. 

Food  and  Drug  Inspection. 

The  work  of  the  Board  in  this  department  has  progressed  uni- 
formly during  the  year,  attention  being  paid  to  the  inspection  of 
all  articles  which  properly  come  within  the  provisions  of  the  food 
and  drug  acts,  as  offered  for  sale  in  the  different  cities  and  towns 
throughout  the  State. 

Special  attention  has  been  given  to  the  examination  of  the  methods 
of  food  inspection  as  practised  in  other  countries,  with  the  view  oi 
improving  our  own  where  improvement  is  possible. 

In  the  examination  of  reports  of  food  inspection  of  other  countries 
it  appears  that  the  general  ratio  of  adulteration  is  usually  less  than 
that  of  Massachusetts,  a  fact  which  requires  explanation,  since  the 
difference  is  apparent  and  not  real.  The  law  in  this  Commonwealth 
requires  that  three- fifths  of  the  appropriation  shall  be  expended  in  the 
inspection  of  milk  and  milk  products,  consequently  a  large  portion 
of  the  samples  taken  for  examination  are  samples  of  milk.  The  legal 
standard  of  milk  is  high  as  compared  with  that  of  other  countries. 
In  most  countries  this  standard  (when  a  standard  is  adopted)  is  11^ 
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per  cent,  of  total  solids,  while  in  Massachusetts  the  standard  is  13 
per  cent.,  except  in  May  and  June,  when  it  is  12  per  cent. 

Between  these  two  limits  of  12  and  13  per  cent,  a  considerable 
percentage  of  milk  is  produced  by  cows.  The  effect  of  this  annual 
change  of  standard  for  two  months  of  the  year  shows  itself  in  a 
very  marked  degree  upon  the  ratio  of  adulteration,  that  is  to  say  of 
legal  adulteration  or  departure  from  the  standard  as  defined  by  law. 
During  the  two  months  of  May  and  June  the  ratio  of  samples  of 
milk  found  to  be  below  the  legal  standard  of  12  is  often  as  low  as 
12  or  15  per  cent,  of  the  whole,  while  in  the  other  ten  months  it 
often  rises  to  40  and  even  to  50  per  cent,  and  higher,  since  a  very 
considerable  part  of  all  the  samples  range  between  these  two  points, 
12  and  13  per  cent,  of  solids. 

In  the  report  of  the  analyst  may  be  found  the  results  of  the  work 
accomplished  during  the  year  in  this  direction.  In  addition  to  the 
usual  routine  work  a  special  analysis  of  bread  and  of  cheese  was 
made,  the  results  of  which  are  published  in  the  analyst's  report. 

The  total  number  of  samples  of  articles  of  food  and  drugs  which 
were  examined  during  the  year  was  6,409. 

The  number  of  prosecutions  conducted  was  96,  and  the  amount  of 
fines  collected  and  paid  into  the  local  treasuries  was  $2,476. 

The  eflSciency  of  the  work  accomplished  by  the  Board  in  this 
department  has  been  frequently  acknowledged  by  the  authorities 
of  other  States,  as  well  as  by  the  dealers  in  food  supplies  in  our 
own  State. 

The  actual  economic  value  of  this  continuous  work  to  the  State 
has  been  already  mentioned  in  previous  reports.  It  is  sufficient  to 
say  that  the  advantages  gained  far  outweigh  the  cost  of  enforcing 
the  statutes. 
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Registration  of  Vital  Statistics. 

In  the  following  summary  of  the  vital  statistics  of  the  State  for 
the  year  1892,  the  estimate  of  population  employed  as  a  basis  is 
made  upon  the  same  plan  as  that  of  the  previous  year,  namely ,  the 
geometric  rate  of  increase.  Upon  this  basis  the  estimate  of  popula- 
tion for  the  year  1892  is  2,369,993. 

There  were  22,507  marriages,  B5,824  living  births,  2,293  still- 
births and  48,762  deaths  registered  in  Massachusetts  in  1892. 

The  ratios  to  the  estimated  living  population  were  as  follows  :  — 

Marriage  rate, 9.50  per  1,000  of  the  living  population. 

Persons  married, 18.99    "       '•        •'  •'  " 

Birth  rate, 27.77    ""        "  "  •• 

Death  rate, 20.67    ""        *•  "  •« 

Excess  of  birth  rate  over  death  rate,    .      7.20   •'       "       ••  ••  " 

International  Vital  Statistics. 

In  the  following  summary  are  presented  the  marriage,  birth  and 
death  rates  of  the  six  New  England  States  and  those  of  the  principal 
countries  of  Europe  having  registration  for  a  period  of  twenty  years 
(1871-90)  and  for  the  years  1891  and  1892.  The  first  year  of 
registration  of  Maine  completes  the  list  of  the  New  England  States 
for  the  year  1892. 

The  six  New  England  States  embrace  a  population  ot  about  five 
millions,  and  the  entire  population  of  the  countries  embraced  in  this 
summary  numbers  about  two  hundred  and  twenty-five  millions. 
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Marriages. 

The  number  of  marriages  (22,507)  was  greater  than  that  of  any 
previous  year.  The  greatest  number  occurred  in  November  (2,716) 
and  the  least  number  in  March  (1,037). 

The  marriage  rate  was  18.99,  and  was  higher  than  that  of  any 
year  since  1887,  when  it  was  19.0.  The  estimated  marriage  rate  of 
the  decennial  period  ending  with  1892  was  18.61. 

Births. 

The  number  of  living  births  registered  in  Massachusetts  during 
the  year  1892  was  65,824,  and  the  birth  rate,  as  calculated  upon  an 
estimated  population  of  2,369,993,  was  27.77  per  1,000  of  the  living 
population.  This  was  the  highest  birth  rate  of  any  year  since  1874, 
when  it  was  28.32.  The  lowest  birth  rate  in  the  intervening  period 
was  that  of  1879,  which  was  22.94.  The  estimated  birth  rate  of 
the  decennial  period  ending  with  1892  was  26.08. 

The  ratio  of  males  to  females  among  living  births  where  the  sex 
was  stated  was  105.6  females  to  each  100  males. 

The  greatest  number  of  births  occurred  in  December  and  the 
least  number  in  February. 

There  were  990  illegitimate  births  registered,  or  15  per  1,000  of 
the  living  births  registered  during  the  year,  as  compared  with  1,078, 
or  17.1  per  1,000  in  1891. 

The  births  in  the  thirty  cities  were  46,597,  as  compared  with 
43,828  in  1891,  an  increase  of  6.3  per  cent.  Those  in  the  remainder 
of  the  State  were  19,227,  as  compared  with  19,176  m  1891,  an 
increase  of  less  than  three-tenths  of  1  per  cent. 

Deaths. 

The  number  of  deaths  (48,762)  was  greater  than  that  of  any  pre- 
vious year.  The  death  rate  (20.57  per  1,000)  was  higher  than  that 
of  any  previous  year  since  1875.  The  estimated  death  rate  of  the 
decennial  period  ending  with  1892  was  19.64. 

Infant  Mortality.  —  The  number  of  deaths  of  infants  under  one 
year  old  was  10,649,  or  21.84  of  the  total  mortality,  which  was  less 
than  that  of  either  1891  or  1890,  and  was  also  greater  than  the  mean 
of  the  twenty- year  period  (1873-92). 

The  deaths  of  children  under  five  were  15,225,  or  31.22  per  cent. 
of  the  total  mortality,  which  was  less  than  that  of  any  year  for  the 
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past  twenty  years  except  that  of  1882,  which  was  nearly  identical 
with  it. 

As  compared  with  the  births,  the  mortality  of  infants  under  one 
was  16.18  per  cent,  of  the  living  births,  which  was  slightly  greater 
than  that  of  1891,  and  also  greater  than  the  mean  of  the  twenty- 
year  period  (1873-92). 

The  deaths  of  centenarians  reported  in  1892  were  thirteen  in 
number,  nine  of  whom  were  women,  and  ten  were  of  foreign  birth. 
Of  the  three  women  who  were  of  native  birth,  one  died  in  her  native 
town,  and  each  of  the  others  in  a  town  adjoining  her  native  town. 

Sex. — The  deaths  of  males  were  24,643  and  those  of  females 
24,119.  But,  by  the  census  of  1890,  the  females  were  largely  in 
excess  of  the  males,  in  the  ratio  of  51.42  per  cent,  of  the  former  to 
48.58  of  the  latter  (nearly).  If  the  same  ratio  prevailed  in  1892, 
the  death  rate  of  males  was  21.40  per  1,000,  and  that  of  females 
19.79,  these  ratios  being  in  each  case  higher  than  those  of  the  census 
year  1890,  and  also  higher  than  the  mean  of  the  seven  census  years, 
1860,  '65,  '70,  '75,  '80,  '85,  '90. 

Stating  this  more  clearly,  the  deaths  of  males  to  1,000  deaths  of 
females  in  equal  numbers  living  were  1,059  in  1890,  while  in  1892, 
the  difference  in  population  of  the  two  sexes  being  estimated  in  the 
same  ratio,  the  deaths  of  males  to  1,000  females  in  equal  numbers 
living  were  1,081.  In  England,  for  1891,  the  deaths  of  males  to 
1,000  deaths  of  females  were  1,128,  and  for  the  ten-year  period 
(1881-90)  they  were  1,123. 

Causes  of  Death. 

The  number  of  deaths,  the  causes  of  which  were  not  registered  in 
1892,  was  470,  or  .96  of  1  per  cent,  of  the  mortality  from  all 
causes.  This  ratio  was  smaller  than  that  of  any  previous  year  since 
the  beginning  of  registration,  except  that  of  1891,  which  was  .9  of 
1  per  cent. 

The  average  of  the  ten  years  ending  with  1892  was  1.23  per 
cent,  of  the  total  mortality  of  the  period. 

The  sanitary  significance  of  a  table  in  which  is  presented  the  ratio 
of  deaths  from  specified  causes,  or  groups  of  causes,  to  the  living 
population,  must  be  acknowledged,  as  compared  with  the  older 
method  of  comparison  with  the  total  mortality.  Hence  the  follow- 
ing table  is  introduced,  in  which  are  presented  the  deaths  from  each 
group  of  causes,  together  with  the  rate  per  million  living  for  each 
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group  for  1892,  and  the  rate  per  million  for  each  year  of  the  period 
(1883-92). 

The  practical  value  of  international  vital  statistics  becomes  more 
apparent  every  year.  An  impetus  has  been  given  to  such  work  by 
the  labors  of  the  International  Statistical  Institute,  which  convened 
at  Chicago  in  1898. 

For  the  sake  of  comparison  the  column  of  means  for  the  ten* 
year  period  (1881-90)  for  England  has  been  added  to  the  follow- 
ing table  from  the  Fifty-fourth  Report  of  the  Registrar  General  of 
England  for  1891. 

The  deaths  from  the  group  of  infectious  diseases  in  Massachu- 
setts in  1892  were  greater  than  the  mean  for  the  ten-year  period 
(1883-92). 

The  deaths  from  the  group  of  constitutional  diseases  in  1892  were 
less  than  those  of  the  ten-year  period. 

The  deaths  from  the  developmental  group  of  causes  were  slightly 
less  than  those  of  the  decade. 

The  deaths  from  local  diseases  have  increased  from  a  rate  of  7,572 
per  million  in  1884  to  9,651  per  million  in  1892.  The  mean  ratio 
for  the  period  was  8,496. 

The  deaths  from  violence  have  not  varied  very  greatly,  the  extremes 
being  894  per  million  in  1883,  and  748  in  1884,  while  the  mean  was 
815. 

The  deaths  from  ill-defined  and  unspecified  causes  have  generally 
diminished  from  a  maximum  of  357  per  million  in  1883  to  a  mini- 
mum of  176  in  1891,  the  mean  being  242. 

The  lower  line  may  be  read  as  a  general  death  rate  per  million, 
or  per  thousand  of  the  population,  as  convenience  may  dictate,  in 
the  latter  case  the  comma  being  used  as  a  decimal  point. 
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In  the  last  two  tables  are  presented  the  numbers  of  deaths,  the 
death  rates  per  10,000  of  the  living  population  and  the  percentage 
of  the  total  mortality  for  each  of  the  twenty  years  ending  with  1892 
and  for  each  of  thirteen  prominent  causes  and  groups  of  causes  of 
death. 

Small-pox.  —  The  number  of  deaths  from  small-pox  during  the 
year  was  2,  as  compared  with  1  in  1891,  1  in  1890,  4  in  1889  and  8 
in  1888. 

Compared  with  the  estimated  living  population  the  death  rate  from 
this  cause  was  only  .01  of  1  per  10,000  and  the  percentage  of  the 
total  mortality  was  only  .004  of  1  per  cent.  (Further  information 
relative  to  the  prevalence  of  small-pox  will  be  found  under  the  head 
of  infectious  diseases,  page  viii.) 

Measles.  — The  number  of  deaths  from  measles  in  1892  was  88,  as 
compared  with  236  in  1891  and  114  in  1890.  The  death  rate  per 
10,000  of  the  estimated  population  from  this  cause  was  .4  and  the 
percentage  of  the  total  mortality  was  .18. 

The  number  of  deaths  from  this  cause  was  less  than  that  of  any 
year  since  1884,  when  it  was  75.  The  minimum  death  rate  from 
this  cause  for  the  twenty-year  period  was  .1  per  10,000  in  1879, 
and  the  maximum  was  2.2  in  1887. 

Scarlet  Fever.  — The  number  of  deaths  from  scarlet  fever  in  1892 
was  669,  as  compared  with  246  in  1891  and  196  in  1890  and  was 
the  greatest  number  in  any  year  since  1879. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  2.8  and  the  percentage  of  the  total  mortality  1.37. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  (1873-92)  was  .8  per  10,000  in  1889,  and  the  maximum  was 
10.2  in  1875. 

Diphtheria  and  Croup.  —  The  number  of  deaths  from  diphtheria 
and  croup  in  1892  was  1,455  as  compared  with  1,218  in  1891  and 
1,626  in  1890. 

The  death  rate  per  10,000  of  the  estimated  living  population  was 
6.1  and  the  percentage  of  the  total  mortality  was  2.98. 

The  minimum  death  rate  from  these  causes  for  the  twenty-year 
period  ending  with  1892  was  4.7  per  10,000  in  1873,  and  the  maxi- 
mum was  19.6  in  1876. 

The  mean  death  rate  from  these  causes  for  the  first  half  of  the 
twenty-year  period  was  much  greater  than  that  of  the  last  half. 
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Typhoid  Fever.  —  The  number  of  deaths  from  this  cause  in  1892 
was  827,  as  compared  with  821  in  1891  and  835  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  estimated  popu- 
lation was  3.5  and  the  percentage  of  the  total  mortality  was  1.69. 

The  minimum  death  rate  for  the  twenty-year  period  ending  with 
1892  was  3.5  per  10,000  in  1892,  and  the  maximum  was  8.9  in  1873. 

The  mean  death  rate  from  this  cause  for  the  first  half  of  the 
twenty-year  period  was  considerably  greater  than  that  of  the  last 
half. 

Cholera  Infantum.  —  The  number  of  deaths  from  cholera  infantum 
in  1892  was  2,898,  as  compared  with  2,771  in  1891  and  2,491  in 
1890.  ' 

The  death  rate  from  this  cause  per  10,000  of  the  population  was 
12.2  and  the  percentage  of  the  total  mortality  was  5.94. 

The  minimum  death  rate  from  cholera  infantum  in  the  twenty- 
year  period  was  7.7  per  10,000  of  the  estimated  population  in  1879, 
and  the  maximum  was  16.2  in  1873,  the  first  year  of  the  period. 
In  the  previous  year  (1872)  however,  the  death  rate  from  this  cause 
was  higher  than  that  of  any  year  of  registration  either  before  or 
since  that  date. 

Consumption.  — The  number  of  deaths  from  this  disease  in  1892 
was  5,739,  as  compared  with  5,484  in  1891  and  6,791  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  24.2  and  the  percentage  of  the  total  mortality  11.77. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  ending  with  1892  was  23.8  per  10,000  in  1891,  and  the  maxi- 
mum was  35.3  in  1873,  the  first  year  of  the  period. 

In  comparing  the  two  ten-year  periods  1873-82  and  1883-92, 
there  is  found  to  be  a  very  marked  decrease  in  the  mean  death  rate 
of  the  latter  as  compared  with  that  of  the  former. 

Pneumonia.  —  The  deaths  from  pneumonia  were  6,020,  as  com- 
pared with  4,337  in  1891  and  4,038  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  estimated  popu- 
lation was  21.2  and  the  percentage  of  the  total  mortality  10.29. 

The  minimum  death  rate  from  pneumonia  for  the  twenty-year 
period  (1873-92)  was  11.6  per  10,000  in  1877  and  the  maximum 
was  21.2.  The  increase  in  the  death  rate  from  pneumonia  during 
the  twenty-year  period  was  greater  than  the  decrease  in  the  death 
rate  from  consumption. 
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Whooping-cough. — The  deaths  from  whooping-cough  in  1892 
were  248,  as  compared  with  219  in  1891  and  363  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
cause  was  1  and  the  percentage  of  the  total  mortality  was  .51  of  1 
per  cent. 

The  minimum  death  rate  of  the  twenty-year  period  ending  with 
1892  was  .7  per  10,000  in  1883  and  the  maximum  was  2.8  in  1874. 

Cancer. — The  deaths  from  cancer  in  1892  were  1,402,  as  com- 
pared with  1,395  in  1891  and  1,387  in  1890. 

The  death  rate  from  this  cause  per  10,000  of  the  living  population 
was  5.9  in  1892  and  the  percentage  of  the  total  mortality  was  2.87. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  was  3.5  per  10,000  in  1875,  and  the  maximum  was  6.2  in 
1890. 

There  was  a  comparatively  steady  increase  in  the  death  rate  from 
cancer  from  1877  to  1890  and  then  a  slight  decrease  in  the  last  three 
years  of  the  period. 

Kidney  Diseases.  —  The  number  of  deaths  from  kidney  diseases 
in  1892  was  1,535,  as  compared  with  1,474  in  1891  and  1,273  in 
1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
group  of  causes  in  1892  was  6.5  and  the  percentage  of  the  total 
mortality  was  3.15. 

There  was  an  increase  with  considerable  regularity  in  the  mortality 
from  this  cause  during  the  twenty-year  period,  from  a  minimum  of 
2.9  per  10,000  of  the  population  in  1873  to  the  maximum  of  6.5  per 
10,000  in  1892.  This  excessive  increase  is,  however,  more  appar- 
ent than  real,  and  may  be  interpreted  as  mainly  due  to  more  intelli- 
gent methods  of  diagnosis. 

Heart  Diseases. — The  number  of  deaths  from  heart  diseases 
registered  in  1892  was  3,733,  as  compared  with  3,592  in  1891  and 
3,417  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  this 
group  of  causes  was  15.7  and  the  percentage  of  the  total  mortality 
was  7.65. 

There  has  been  a  tolerably  uniform  increase  in  the  death  rate  from 
this  group  of  causes  during  the  twenty-year  period,  the  minimum 
death  rate  being  7.9  per  10,000  in  1873,  '74  and  '77  and  the  maxi- 
mum 15.7  in  1892. 
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Brain  Diseases,  —  This  group  includes  the  deaths  attributed  to 
apoplexy,  paralysis,  insanity,  the  indefinite  term  **  cephalitis,"  soften- 
ing of  the  brain  and  other  unspecified  diseases  of  the  brain,  the 
whole  number  of  deaths  from  this  group  in  1892  being  5,036  as 
compared  with  4,711  in  1891  and  4,389  in  1890. 

The  death  rate  per  10,000  of  the  estimated  population  from  these 
causes  in  1892  was  21.2  and  the  percentage  of  the  total  mortality 
was  10.33. 

The  minimum  death  rate  from  this  cause  for  the  twenty-year 
period  was  13.5  in  1877,  and  the  maximum  was  21.4  in  1888.  The 
mean  death  rate  from  these  causes  in  the  last  half  of  the  period  was 
considerably  greater  than  that  of  the  first  half.  For  the  last  eight 
years  of  the  period  the  death  rate  from  these  causes  was  nearly 
stationary. 

The  deaths  from  local  diseases  in  Massachusetts  have  not  differed 
very  greatly  in  their  relative  incidence  upon  the  population,  from 
those  of  England,  as  is  shown  in  the  following  quotation  from  the 
Registrar  General's  Fifty-fourth  Annual  Report  for  1891. 

^^  Local  Diseases,  —  The  most  noticeable  feature  presented  by  the  dis- 
eases included  in  this  class  was  the  great  increase  of  mortality  from  diseases 
of  the  Circulatory  and  Respiratory  Systems.  The  rates  respectively  were 
1,826  and  4,474  per  million  living,  and  in  each  case  the  highest  on  record. 
The  explanation  is  doubtless  to  be  found  in  the  prevalence  of  epidemic 
influenza.  The  deaths  from  nervous  diseases,  however,  showed  no  such 
increase.  They  were  in  the  proportion  of  1,748  to  a  million  living;  and 
this  rate  differed  but  little  from  those  of  the  three  next  preceding  years. 
The  mortality  from  diseases  of  the  Urinary  System  was  467  per  million 
living,  this  being  the  highest  rate  yet  recorded,  and  marking  a  further  step 
in  the  almost  continuous  increase  shown  for  a  long  series  of  years  under 
this  heading." 


From  certain  infectious  causes  not  mentioned  in  the  foregoing 
enumeration  there  were  the  following  numbers  of  deaths  in  1892 ; 
those  of  1891  are  also  presented,  for  the  purpose  of  comparison :  — 
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1 

NUMBBB  OP  DBATH8.  ' 

1 

NCMBBB  OP  DBATBS* 

1891 . 

1 

189t. 

1891. 

ISM. 

Cerebro-ipinal  meningltli,    . 
Bryiipelaa,      .... 
Puerperal  fever,     . 
Ififlnenza,        .... 
I>7Mntery,      .... 

154 
210 
56 
546 
234 

86 
234 

81 
967 
108 

Diarrhcea,      .... 
Malarial  fevers,     . 
Hydrophobia,        • 
Glanders,       .... 
Malignant  pustule. 

689 

62 

9 

1 
1 

584 

81 

1 

0 

6 

Malarial  Fevers.  —  There  were  in  all  81  deaths  registered  in  1892 
from  ague  and  remittent  fevers.     These  occurred  as  follows  :  — 


Worcester  County,      .       .       .       . 

r 

16 

1  Berkshire  County,       .... 

3 

Hampden       ** 

15 

Dukes             **            .... 

1 

Middlesex       " 

10 

Franklin         **            .... 

1 

Suffolk 

0 

Plymouth       "            .... 

1 

Bristol 

8 

Barnstable      '*            .... 

0 

Essex 

Hampshire     ** 

6 

6 

Nantucket      "            .... 

0 

Korfolk, 

5 

Total 

81 

The  number  of  registered  deaths  from  the  same  causes  in  1891 
was  62,  and  in  1890  60,  and  the  total  number  for  the  ten  years  end- 
ing with  1892  was  584. 

Influenza.  —  For  the  purpose  of  comparison  the  statistics  relating 
to  influenza  which  were  published  in  the  last  report  (p.  xxxiv.)  and 
also  in  the  Forty-ninth  Registration  Report,  1890,  are  here  repro- 
duced together  with  those  of  1892. 

The  deaths  from  certain  diseases  of  the  respiratory  organs  and 
from  heart  diseases  are  also  given  in  the  same  table. 
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Mortality  /rom  All  Causes^  and  from  Influenza,  Pneumonia,  Phthisis,  Bronchitis 
and  Heart  Diseases,  by  Months,  for  1889, 1890, 1891  and  1892, 

1889. 


Causbs. 

• 

1 

■ 

• 

< 

• 

9 

c 
a 

• 

< 

• 

§ 
1 

1 

« 

s 

& 

1 

• 

Tnflaenza, 

2 

2 

3 

3 

1 

1 

1 

- 

- 

2 

" 

12 

27 

Pneamonia, 

304 

358 

463 

436 

828 

165 

117 

114 

110 

232 

201 

423 

8.440 

Phthlflla,  . 

402 

431 

482 

507 

463 

466 

426 

470 

463 

458 

415 

513 

5,581 

Bronehltii, 

100 

136 

173 

147 

02 

62 

62 

70 

84 

111 

100 

122 

1,276 

Heart  diaeaaes, 

278 

233 

273 

270 

280 

235 

266 

245 

210 

271 

237 

200 

3,115 

Total,  . 

1,276 

1,160 

1,304 

1,372 

1,173 

020 

872 

800 

876 

1,060 

1,062 

1,860 

13,430 

All  oauBes, . 

8,237 

3,0«4 

3,516 

3,573 

3,353 

3,121 

4,824 

4,213 

3,660 

8,868 

2,084 

3,474 

41,777 

! 

1890. 


Inflaenza, 

246 

65 

82 

21 

0 

8 

5 

1 

4 

5 

6 

0 

411 

Pneamonia, 

1,072 

807 

306 

452 

S6 

101 

138 

108 

113 

210 

265 

411 

4,038 

Phthlals,  . 

783 

477 

530 

512 

488 

451 

446 

487 

436 

418 

424 

430 

5,701 

Bronchitis, 

208 

136 

105 

168 

120 

86 

63 

53 

72 

80 

106 

188 

1,533 

Heart  diaeaaeB, 

406 

273 

201 

283 

282 

226 

242 

285 

280 

208 

265 

336 

3,417 

Total,  . 

2,756 

1.346 

1,444 

1,486 

1,103 

062 

804 

884 

005 

1,020 

1,066 

1,333 

16,190 

All  causes, . 

5,300 

3,273 

3,583 

3,487 

3,240 

2,840 

8,062 

4,545 

3,615 

3,223 

3,021 

3,480 

43,528 

1891. 

1 

Inflaenza, 

0 

0 

23 

80 

107 

36 

12 

0 

0 

5 

6 

232 

54« 

Pneamonia,     . 

474 

877 

473 

577 

540 

283 

136 

08 

02 

177 

818 

838 

4,337 

Phthisis,  . 

460 

405 

600 

510 

504 

427 

436 

422 

423 

463 

406 

530 

6,484 

Bronchitis, 

154 

158 

166 

157 

170 

121 

86 

58 

73 

113 

133 

260 

1,66S 

Heart  diseases, 

866 

872 

315 

807 

310 

244 

250 

270 

256 

307 

800 

378 

3,502 

Total,  . 

1,462 

1,221 

1,477 

1,640 

1,610 

1,061 

020 

861 

852 

1,065 

1,162 

2,247 

16,617 

AU  oaases, . 

8,578 

3,188 

3,714 

3,802 

3,706 

3,126 

4,070 

4,455 

3,765 

3,714 

3,318 

4,715 

46,185 

1892 

• 

Inflaenza, 

578 

180 

n 

48 

26 

17 

12 

4 

6 

0 

16 

11 

007 

Pneumonia,     . 

1,450 

606 

544 

506 

400 

106 

128 

100 

161 

200 

204 

447 

6,020 

Phthisis,  . 

687 

447 

580 

516 

546 

424 

456 

465 

404 

462 

441 

464 

5.78» 

Bronchitis, 

478 

246 

226 

146 

135 

82 

60 

56 

74 

126 

144 

124 

1.88e 

Heart  diseases, 

488 

827 

878 

343 

810 

267 

837 

286 

268 

254 

814 

282 

3,733 

Total,  . 

8,571 

1,706 

1,753 

1,551 

1,417 

086 

882 

900 

002 

1,061 

1,200 

1,828 

17,846 

All  causes, . 

6,800 

8,806 

4,161 

3,000 

3,786 

8,107 

4,666 

4,717 

8,664 

3,484 

8,867 

8,636 

48,702 
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An  examination  of  these  tables  shows  quite  plainly  the  sharp  rise 
in  the  mortality  from  inlSuenza  with  a  coincident  rise  in  the  mortality 
from  pneumonia,  phthisis,  bronchitis  and  heart  diseases  in  the  winter 
of  1889-90,  culminating  in  January ;  another  epidemic  of  less  mag- 
nitude in  the  spring  of  1891,  culminating  in  April  and  May,  and  the 
still  greater  epidemic  of  the  winter  of  1891  and  '92  culminating  in 
January,  1892. 

These,  together  with  other  minor  causes,  increased  the  mortality 
of  January  1892  to  6,309  deaths  which  was  greater  by  2,246  than 
the  mean  monthly  mortality  of  the  year,  and  greater  by  more  than 
1,000  than  the  mortality  of  any  month  in  the  ten-year  period  (1883- 
1892). 

Hydrophobia,  — The  mortality  from  this  cause  which  had  attained 
to  considerable  numbers  in  1889  and  1890,  again  fell  to  a  single 
death  in  1892. 

During  the  six  years  ending  with  1887  there  had  been  no  reported 
deaths  from  this  cause.  There  were  then  2  deaths  from  hydrophobia 
in  1888,  14  in  1889,  17  in  1890,  9  in  1891  and  1  in  1892. 

The  whole  number  of  deaths  from  this  cause  for  the  period  of 
registration  ending  with  1892  (fifty-one  years  a)id  eight  months) 
was  116,  of  which  number  96  or  82.8  per  cent,  were  males  and  20 
were  females. 

Mortality  of  Cities. 

The  rapid  growth  of  the  urban  population  in  Massachusetts  as 
contrasted  with  that  of  the  smaller  towns  is  a  su£Qcient  reason  for 
publishing  in  a  separate  table  the  number  of  deaths  from  all  causes 
together  with  those  from  the  principal  infectious  diseases  in  each 
city  in  the  State. 

By  this  table  it  appears  that  the  total  number  of  deaths  in  the 
cities  in  1892  was  32,202  as  compared  with  30,049  in  1891,  and. 
those  in  the  towns  were  16,560  as  compared  with  15,136  in  189K 

The  population  of  the  30  cities  including  Medford  and  Everett,  hy 
the  census  of  1890  was  1,394,444  or  62.3  per  cent,  and  that  of  the 
towns  was  844,499  or  37.7  per  cent,  of  the  total  population,  while  a 
half  century  earlier,  the  census  showed  that  the  cities  (or  places 
having  more  than  10,000  in  each)  constituted  less  than  one-fourth 
of  the  population. 
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The  growth  of  the  cities  incladed  in  the  foregoing  table  was 
approximately  at  the  rate  of  3^  per  cent,  per  year  for  the  period 
1885  to  1890.  While  that  of  the  remainder  of  the  State  was  at 
the  rate  of  only  1^^^^  per  cent,  (geometric  rate). 

Estimating  the  growth  in  1892  at  the  same  rates  for  these  two 
classes  of  the  population ,  the  mortality  rates  from  the  principal  dis- 
eases included  in  the  foregoing  table  are  presented  in  the  following 
table.  In  the  two  lower  lines  the  mortality  rates  are  reduced  to  a 
standard  of  1,000  in  the  urban  population  for  the  convenience  of 
comparison,  and  may  be  read  as  follows  :  — 

For  every  1,000  deaths  from  all  causes  in  the  urban  population, 
there  were  879  deaths  in  the  remainder  of  the  State  in  equal  num- 
bers living.  For  every  1,000  deaths  from  consumption  in  the  urban 
population,  there  were  794  deaths  in  the  remainder  of  the  State  in 
equal  numbers  living. 


Death  Bates  jrom  Certain  Diseases  in  1892,  per  lOfiOO  of  the  Estimated  Living 
Population^  and  the  same  Reduced  to  a  Standard  of  IfiOO  in  the  Urban  or  Dense 
Population. 


ITrbMi  popnlatloii,     . 
Bemainder  of  th*  State, 

UrtMii  popnlakioii,     . 
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8.40 

7.1 

8.7 

U.O 

26.2 

21.6 

1.7 

4.6 

8.1 

9.2 

90.8 

20.4 

1,000 

1,000 

1,000 

1,000 

1,000 

1,000 

491 

684 

838 

602 

794 

944 

1.84 
.64 

1,000 
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The  Significance  of  General  or  Crude  Death  Sates. 

The  crude  death  rate  obtained  by  estimating  the  ratio  of  the 
number  of  deaths  to  the  living  population  has  been  employed  for 
many  years  as  an  index  of  the  sanitary  condition  of  a  community, 
and  for  comparing  its  sanitary  condition  with  that  of  other  com- 
munities. While  this  method  may  be  trusted  in  the  comparison  of 
the  death  rates  of  a  nation,  a  State,  county,  city  or  town  at  different 
periods  of  time  (since  the  age  and  sex  distribution  of  communities 
remain  fairly  constant  when  comparisons  are  made  for  brief  periods 
or  successive  years),  it  cannot  be  trusted  for  the  comparison  of 
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different  towns,  cities,  States  and  countries  with  each  other,  when 
the  age  and  sex  distribution  differs  widely  as  for  example,  in  our 
own  State,  in  the  case  of  Barnstable  and  Bristol  counties,  or  Barn- 
stable and  Suffolk. 

In  support  of  this  statement  Dr.  Farr  says  "Independently  of 
other  causes  of  variation,  the  mortality  of  different  populations  will 
differ  according  as  they  consist  of  numbers  in  various  proportions  at 
the  ages  at  which  the  mortality  is  high  or  low." 

"  It  is  not  too  much  to  say  that  death  rates  calculated  on  the  gross 
population  are  practically  worthless  as  evidence  of  the  sanitary  con- 
ditions of  communities  less  than  entire  nations.*'  Dr.  E.  F.  Will- 
oughby ,  Hand-book  of  Public  Health  and  Demography. 

For  the  purpose  of  facilitating  the  methods  of  correcting  death 
rates  according  to  age  and  sex  distribution.  Dr.  Ogle  of  the  British 
Registrar  General's  office  and  J.  Korosi,  Director  of  Statistics  of 
Hungary,  have  proposed  the  employment  of  standards  of  population 
in  which  a  normal  or  standard  distribution  of  ages  and  sexes  is 
presented.  For  this  purpose  Dr.  Ogle  combines  the  populations  of 
seven  principal  European  countries  including  about  170  million 
inhabitants  and  presents  a  table  in  which  the  average  distribution  of 
these  populations  is  given  by  sexes  and  age  periods,  the  whole 
number  of  such  periods  being  twelve.  For  the  purpose  of  compari- 
son with  other  countries,  States,  cities  or  smaller  communities,  this 
method  has  the  disadvantage  of  requiring  an  amount  of  computation 
which  becomes  burdensome,  and  secondly,  the  age  periods  employed 
above  20  years  do  not  correspond  with  those  which  have  usually 
been  adopted  in  Massachusetts  and  other  American  communities,  and 
while  there  are  some  advantages  in  adopting  a  distribution  into  the 
periods  25-36,  35-45,  etc.,  instead  of  20-30,  30-40,  etc.,  the  differ- 
ences are  so  slight  as  not  to  make  it  advisable  to  change  the  existing 
methods. 

Korosi  of  Buda-Pesth  suggests  a  method  which  is  less  cumbrous 
than  the  foregoing.  He  does  not  deem  it  essential  for  this  purpose 
to  adopt  a  sex  distribution,  but  employs  a  distribution  of  ages  only 
and  divides  them  into  four  periods  as  follows :  — 

All  ages  under  one  year. 
One  to  twenty  years. 
Twenty  to  fifty  years. 
All  over  fifty  years. 
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For  the  parpose  of  comparison  be  suggests  the  use  of  a  standard 
representing  a  healthy  population  having  a  constantly  low  death  rate 
as  is  the  case  with  Sweden. 

The  foregoing  age  periods  were  adopted  by  M.  K5r5si  after  trials 
with  different  periods.  They  differ  somewhat  from  those  which  have 
been  in  use,  but  he  states  that  it  '^  was  found  to  be  preferable  to 
group  the  first  year  separately,  and  that  there  was  no  sensible  change 
produced  by  placing  the  next  nineteen  years  in  one  single  group.** 

The  Returns  of  Medical  Uxamtners. 

The  whole  number  of  returns  of  medical  examiners  for  the  year 
1892,  under  the  provisions  of  the  inquest  laws,  was  2,210. 

Of  this  number,  72  or  3.26  per  cent,  were  deaths  by  homicide,  274 
or  12.40  per  cent,  were  suicides,  974  or  44.07  per  cent,  were  deaths 
from  accident  or  negligence,  and  890  or  40.27  per  cent,  were  the 
result  of  causes  not  due  to  violence,  but  to  different  natural  causes 
and  alcoholism.  More  than  one-half  of  this  group  were  from  heart 
diseases  and  diseases  of  the  nervous  system  usually  of  a  sudden 
character. 

Sex.  —  Out  of  the  whole  number  of  deaths  returned  by  the  medi- 
cal examiners  1,642  or  74.3  were  those  of  males,  560  or  25.3  were 
of  females,  and  the  sex  of  8  was  not  stated. 

The  following  summary  presents  the  data  of  these  cases  by  sexes 
for  the  period  of  eight  years  (1885-92). 
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1,556 
1,651 
1,654 
1,773 
1,840 
2,210 


13,340 
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In  the  followiDg  summary  these  deaths  are  classified  into  four 
groups  as  in  previous  reports.  The  percentage  of  each  group  for 
each  year  being  stated  :  — 
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8.26 
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199 
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1.840 
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8.10 

1,557 

11.67 

6.272 
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5.097 

38.22 

18.340 

1 

The  ratio  of  deaths  investigated  by  the  medical  examiners  to  the 
estimated  population  of  Massachusetts  in  1892  was  .99  of  1  per 
1,000  and  the  percentage  of  the  total  mortality  was  4.5. 


In  England  during  the  year  1891  the  ratio  of  deaths  submitted  to 
inquest,  as  compared  with  the  total  population  was  1.12  per  1,000  and  the 
percentage  of  the  total  mortality  was  5.5. 

Of  the  total  number  of  deaths  (32,432)  referred  to  the  coroners  for 
inquest  12,946  or  39.9  per  cent,  were  not  due  to  violence ;  this  percentage 
being  very  nearly  identical  with  the  mean  for  Massachusetts  for  the  eight 
years  (1885-92)  ;  51.46  per  cent,  of  the  whole  were  deaths  from  accident 
and  negligence  ;  7.66  per  cent,  were  deaths  from  suicide,  and  .97  of  1  per 
cent,  were  deaths  determined  to  be  due  to  murder  and  manslaughter. 

Of  the  deaths  due  to  accident,  77.2  per  cent.,  and  of  those  due  to 
suicide,  75  per  cent,  were  of  males,  while  the  deaths  from  murder  and 
manslaughter  were  divided  between  the  sexes  in  nearly  equal  numbers,  158 
males  and  157  females. 
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Water  Supply  and  Sewerage. 

The  general  law  giving  to  the  State  Board  of  Health  supervision 
of  inland  waters,  and  imposing  certain  duties  upon  the  Board  in 
relation  to  water  supplies  and  systems  of  sewerage  and  sewage  dis- 
posal has  been  so  frequently  quoted  in  the  recent  reports  of  the 
Board  that  it  is  not  essential  to  quote  the  statute  again  in  full. 

Acting  under  the  Statutes  of  1888  the  work  of  the  Board  in  this 
direction  has  been  conducted  during  the  past  year  in  the  same 
manner  as  in  previous  years.  This  work  now  constitutes  a  very 
important  branch  of  the  operations  of  the  Board. 

The  report  of  this  department  of  the  Board  for  1893  comprises 
the  following  topics  :  — 

The  advice  of  the  Board  to  the  authorities  of  cities,  towns  and 
corporations  and  individuals  upon  proposed  or  existing  systems  of 
water  supply  and  sewage  disposal  under  the  provisions  of  section 
3  of  chapter  375  of  the  Acts  of  1888. 

A  continuation  of  the  examination  of  water  supplies,  comprising 
the  results  of  chemical  and  microscopical  examinations  of  public 
water  supplies.  The  examination  of  the  waters  of  the  following 
rivers,  the  Blackstone,  Charles,  Merrimack,  Nashua,  Neponset, 
Honsatonic  and  Taunton  were  continued  and  other  examinations 
were  made  of  the  Charles,  Deerfield,  Shawsheen  and  Ware  and  the 
Nashua  and  its  tributaries  in  connection  with  the  investigations  for  a 
Metropolitan  water  supply. 

In  the  summary  of  water  supply  statistics  it  appears  that  146 
cities  and  towns,  having  a  total  population  of  1,949,455,  were  pro- 
vided with  water  supplies,  the  majority  of  these  places  having  in 
each  a  population  of  over  4,000.  There  were  also  206  towns  which 
were  not  provided  with  public  water  supplies  only  one  of  which  had 
a  population  of  more  than  4,500. 

The  total  population  of  places  not  supplied  was  289,488  or  but 
little  more  the  one-eighth  of  the  population  of  the  State. 

The  paper  by  Professor  Drown  upon  **  the  Amount  of  and  Char- 
acter of  Organic  Matter  in  Soils  and  its  Bearing  on  the  Storage  of 
Water  in  Reservoirs,"  has  a  practical  bearing  upon  all  water  supplies 
where  artificial  storage  basins  are  constructed  by  impounding  water 
in  valleys  and  meadows  having  a  surface  either  partially  or  wholly 
of  loam  or  peat. 
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Mr.  Geo.  W.  Fuller,  biologist  in  charge  of  the  Lawrence  Experi- 
ment Station,  details  the  work  performed  at  the  station  dariDg  the 
sixth  year  of  its  existence.  The  principal  topics  treated  of  in  his 
report  are  the  character  of  the  sewage  used  for  experiment,  the  aver- 
age purification  attained,  the  permanency  of  filters,  their  manage- 
ment, experiments  upon  rapid  filtration  of  sewage  from  which  the 
sludge  has  been  removed,  sub-surface  application  of  sewage,  experi- 
ments with  sand  clogged  by  sewage,  effect  of  polarite  in  removing 
color  of  dye-stuffs  in  sewage,  removal  of  bacteria,  work  of  the  sewage 
filters  in  1893,  filtration  of  water,  effects  of  rate  of  filtration,  depth 
of  material,  size  of  sand  grains,  scraping,  disturbing  upper  layer  of 
filter,  removal  of  layer  of  loam,  freezing  surface  layers,  rapidly  fill- 
ing from  below,  amount  of  loss  of  head  and  method  of  application 
of  water  upon  its  bacterial  purification.  A  detailed  account  is 
given  of  the  work  of  the  water  filters  during  1893  together  with  the 
chemical  and  bacterial  analyses  of  the  water  supplied  and  of  the 
effluent  water  of  the  Lawrence  city  filter  for  the  first  seven  months 
of  its  operation. 

Hiram  F.  Mills,  C.E.,  member  of  the  Board,  presents  a  descrip- 
tion of  the  ''  Filter  of  the  Water  Supply  of  the  City  of  Lawrence 
and  its  Results,"  and  shows  in  this  paper,  — 

1.  **  The  insufficiency  of  the  self-purification  of  streams. 

2.  The  ready  conveyance  of  typhoid  fever  down  a  stream  by 
sewage-polluted  drinking  water. 

3.  The  practicability  of  protecting  a  community  against  an 
infected  drinking  water  supply  by  natural  sand  filtration." 

The  paper  entitled  ''  Sewage  Purification  of  Cities  and  Towns  in 
Massachusetts "  presents  a  brief  description  together  with  chemical 
analyses  of  sewage  and  effluents  from  the  systems  in  use  in  the 
following  places  :  Amherst,  Norfolk  county  jail,  Framingham,  Gard- 
ner, Lenox,  Mariborough,  Medfield,  Wellesley  College  and  West^ 
borough. 

Mr.  Allen  Hazen,  the  chemist  in  charge  at  the  Experiment  Station 
at  Lawrence  in  1890-93,  was  appointed  as  chemist  of  the  department 
of  water  supply,  sewerage  and  fire  protection  at  the  World's  Colum- 
bian Exposition  at  Chicago,  and  presents  in  this  volume  a  descrip- 
tion of  the  process  there  employed  for  disposal  of  the  sewage  of  the 
Exposition  by  precipitation  and  the  results  attained  by  this  process  • 
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Metropolitan  Water  Supply. 

Within  the  period  of  the  past  forty  years  or  more  and  since  the 
beginning  of  the  general  introduction  of  a  public  water  supply  into 
Boston  the  growth  of  the  city  has  been  rapid,  and  this  growth  has 
extended  outward,  until  the  suburban  municipalities  have  acquired  a 
population  nearly  as  large  as  that  of  the  city,  the  whole  district 
within  ten  miles  of  and  including  Boston  containing  nearly  a  million 
inhabitants. 

Public  water  supplies  have  now  been  introduced  into  each  of  the 
twenty-eight  cities  and  towns  embraced  within  this  limit.  The  rapid 
growth  of  the  towns  has  not  only  been  attended  with  an  increase  in 
the  absolute  consumption  of  water  in  the  district,  but  the  relative  or 
per  capita  consumption  has  also  been  considerably  increased.  To 
supply  this  demand  very  much  of  the  available  territory  suitable  for 
use  as  sources  for  yielding  water  has  been  taken  by  the  cities  and 
towns  within  this  district.  In  some  instances  the  density  of  the 
population  living  upon  the  area  of  the  different  water-sheds  has 
increased  to  such  an  extent  as  to  become  a  serious  menace  to  the 
health  of  the  population  consuming  the  water,  in  consequence  of  the 
increased  pollution  which  usually  follows  a  corresponding  increase 
of  population. 

In  the  words  of  the  present  report  (p.  6)  **The  experience  of  the 
past  year  (1893)  has  emphasized  the  urgent  need  of  a  new  water 
supply  for  this  district,  as  not  only  has  the  water  supply  of  Boston 
and  the  district  supplied  from  Mystic  Lake  been  nearly  exhausted, 
as  above  indicated,  but  the  water  supplies  of  a  majority  of  the 
places  in  the  Metropolitan  district  have  been  in  a  similar  condition.'* 

The  urgent  demands  of  the  authorities  of  these  municipalities  for 
larger  and  purer  supplies  of  water  finally  resulted  in  legislative 
action,  and  the  following  law  was  enacted  by  the  Legislature  of 
1893,  entrusting  to  the  State  Board  of  Health  the  duty  of  making 
a  general  investigation  of  the  subject  of  a  water  supply  for  this 
Metropolitan  district. 

[Acts  op  1893,  Chapter  459.] 

Ax  Act  relative  to  proccrinq  a  water  supply  for  the  city  of  boston 

AND  ITS   SUBURBS. 

Be  it  enacted^  etc.,  as  folloios : 

Section  1.    The  state  board  of  health  is  hereby  authorized  and  directed 
to  investigate,  consider  and  report  upon  the  question  of  a  water  supply  for 
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the  city  of  Boston  and  its  suburbs  within  a  radius  of  ten  miles  from  the 
state  house,  and  for  such  other  cities  and  towns  as  in  its  opinion  should  be 
included  in  connection  therewith. 

Sect.  2.  The  said  board  shall  forthwith  proceed  to  investigate  and 
consider  this  subject,  including  all  questions  relating  to  the  quantity  of 
water  to  be  obtained  from  available  sources,  its  quality,  the  best  methods  of 
protecting  the  purity  of  the  water,  the  construction,  operation  and  mainten- 
ance of  works  for  storing,  conveying  or  purifying  the  water,  the  cost  of 
the  same,  the  damages  to  property,  and  all  other  matters  pertaining  to  the 
subject. 

Sect.  3.  The  said  board  shall  have  power  to  employ  such  engineering 
and  other  assistance  and  to  incur  such  expenses  as  may  be  necessary  for 
carrying  out  the  provisions  of  this  act. 

Sect.  4.  The  said  board  shall  report  fully  with  plans  and  estimates 
to  the  legislature  on  or  before  the  first  Wednesday  in  January  in  the  year 
eighteen  hundred  and  ninety-five,  and  shall  append  to  its  report  drafts  of 
bills  intended  to  accomplish  the  recommendations  of  the  board. 

Sect.  5.  The  total  amount  of  money  which  shall  be  expended  out  of 
the  treasury  of  the  Commonwealth  in  carrying  out  the  provisions  of  this  act 
shall  not  exceed  forty  thousand  dollars.  The  Commonwealth  shall  be 
reimbursed  for  the  amount  expended  by  the  cities  and  towns  which  are  to 
receive  the  benefit  of  the  system  recommended  in  the  report,  in  proportion 
to  the  population  of  each. 

Sect.  6.  Before  incurring  any  expense  the  board  shall  from  time  to 
time  estimate  the  amounts  required  and  shall  submit  the  same  to  the  gov- 
ernor and  council  for  their  approval,  and  no  expense  shall  be  incurred 
beyond  the  amount  so  estimated  and  approved. 

Sect.  7.  This  act  shall  take  efifect  upon  its  passage.  [^Approved 
June  9y  1893. 


Immediately  after  the  passage  of  this  Act,  the  Board  entered  upon 
the  work  of  investigation,  and  began  the  necessary  surveys  to  ascer- 
tain the  best  supply  for  the  district.  This  work  has  been  carried  on 
without  interruption  since  June,  1893. 

While  it  is  too  early  to  publish  conclusions  relative  to  a  definite 
source  of  water  supply  for  the  district,  it  may  be  said  that  the  inves- 
tigations made  up  to  the  present  time  indicate  that  an  abundant 
supply  of  good  water  for  the  Metropolitan  District  may  be  obtained 
without  excessive  expenditure. 
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Improvement  of  the  Chables  River. 

By  the  provisions  of  Chapter  475  of  the  Acts  of  1893,  the  Board 
of  Metropolitan  Park  Commissioners  and  the  State  Board  of  Health 
were  constituted  a  joint  board  to  investigate  '*  the  sanitary  condition 
and  prepare  plans  for  the  improvement  of  the  beds,  shores  and 
waters  of  the  Charles  River,  between  Charles  River  bridge  and  the 
Waltham  line  on  Charles  River,  and  for  the  removal  of  any  nuis- 
ances therefrom." 

The  joint  board,  thus  constituted,  was  authorized  to  employ 
engineers  and  experts  and  to  incur  necessary  expenses  not  exceed- 
ing $5,000. 

This  act  recognizes  the  existence  of  conditions  in  the  specified 
portion  of  the  river  which  have  for  a  long  time  constituted  a  general 
nuisance,  offensive  to  the  sight  and  smell,  in  consequence  of  the  serious 
pollution  of  the  river  and  of  the  daily  exposure  of  large  areas  of 
mud  flats  upon  which  the  polluting  matter  in  the  river  is  deposited. 

To  remedy  this  foul  and  unsightly  condition  the  Board  has  given 
its  attention,  and  after  surveying  the  territory  and  areas  included  in 
the  provisions  of  the  act  and  investigating  the  sanitary  condition  of 
the  contiguous  population,  made  its  report  to  the  Legislature  in 
May,  1894  (House  Doc.  775,  1894),  the  time  for  the  presentation 
of  the  report  having  been  extended  by  Chapter  57  of  the  Resolves 
of  1894. 

The  plan  proposed  involves  the  construction  of  a  dam  and  a  lock 
at  the  lower  portion  of  the  estuary  above  Craigie's  bridge,  by  means 
of  which  the  water  above  the  dam  will  be  kept  at  a  constant  level. 
While  this  dam  may  be  regarded  as  the  principal  feature  of  the 
plan,  other  features  are  worthy  of  note,  especially  the  treatment  of 
the  shores  of  the  proposed  basin. 

One  great  improvement  in  this  region  is  already  nearly  com- 
pleted, the  Metropolitan  Sewerage  System,  which,  when  in  opera- 
tion, will  remove  a  great  amount  of  pollution  from  the  river. 

The  report  of  the  Landscape  Architects  to  the  joint  board  closes 
as  follows  :  —  **  Charles  River,  freed  from  sewage,  from  defiling  indus- 
tries, from  mud  flats  and  from  mud  banks,  and  dedicated  with  its  bor- 
ders to  the  use  and  enjoyment  of  the  public  as  a  drainage  channel,  an 
open  space,  a  parkway,  a  chain  of  playgrounds  and  a  boating  course, 
will  perform  its  highest  possible  service  to  the  Metropolitan  com- 
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munity,  and  will  retain  to  the  community  profits,  both  tangible  and 
intangible,  which  will  annually  increase.'' 

Infectious  Disease  Hospitals. 

The  subject  of  providing  separate  accommodations  for  hospitals 
for  persons  suffering  with  infectious  diseases  of  a  dangerous  char- 
acter has  become  quite  prominent  during  the  past  two  or  three  years 
in  Massachusetts  cities,  and  is  likely  to  become  still  more  a  subject 
of  paramount  importance  in  future  years. 

The  fact  that  400  such  establishments  exist  in  England  alone,  and 
the  number  there  is  constantly  increasing,  is  sufficient  to  show  the 
estimate  in  which  they  are  held  in  Great  Britain. 

In  response  to  a  demand  for  information  upon  this  subject,  a  paper 
has  been  prepared  by  the  Secretary  for  the  present  report,  contain- 
ing the  most  recent  information  upon  the  subject,  together  with  a 
brief  compilation  embodying  the  practice  of  other  countries  in  this 
direction. 

Summary  of  Weekly  Mortality  Reports. 

Under  this  title  may  be  found  a  summary  of  the  returns  sent  to 
the  office  of  the  State  Board  at  the  close  of  each  week  from  the 
principal  cities  and  towns,  of  the  deaths  which  have  been  reported 
to  the  local  Boards  of  Health.  These  returns  embrace  a  statement 
of  the  total  number  of  deaths,  the  number  of  deaths  of  children 
under  5  years  of  age,  and  the  number  from  each  one  of  the  principal 
infectious  diseases. 

This  system  of  voluntary  returns  keeps  the  State  Board  informed 
of  the  progress  of  epidemics,  their  outbreak  and  their  decline,  and 
serves  as  a  valuable  index  of  the  health  of  the  population,  its  chief 
advantage  consisting  in  its  frequency  and  the  fact  that  the  Board 
receives  its  information  direct  from  the  local  authorities. 

Health  of  Towns. 

In  the  portion  of  the  report  devoted  to  the  health  of  towns  may 
be  found  a  digest  of  the  principal  facts  of  importance  gathered  from 
the  city  and  town  reports  of  Boards  of  Health  of  the  year  1893. 

This  summary  also  contains  a  table  in  which  are  stated  the  number 
of  cases  of  the  principal  infectious  diseases  which  are  reported  to  the 
local  Boards  of  Health.  In  addition  to  the  cases  reported  another 
parallel  column  contains  the  registered  deaths  from  the  same  causes  in 
these  cities  and  towns  and  the  ratio  of  fatality  in  the  State  at  large. 
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Routine  Work  of  the  Board. 

The  Board,  in  the  performance  of  its  duties  under  the  provisions 
of  the  Statutes,  has  held  at  least  one  meeting  in  each  month  during 
the  year,  with  such  meetings  of  its  stauding  committees  as  were 
essential  to  the  proper  performance  of  its  work.  The  work  of  the 
year  is  presented  in  detail  under  the  different  topics  referring  to  the 
prescribed  duties  of  the  Board. 

Advice  ha3  been  giveq  almost  daily  at  the  office  to  local  Boards 
of  Health  and  to  individuals  seeking  advice  upon  sanitary  questions, 
and  in  instances,  where  occasion  required,  visits  have  been  made  by 
the  secretary  and  by  the  engineers  of  the  Board  to  cities  and  towns  for 
the  purpose  of  making  investigation  and  inspecting  and  giving  advice. 

One  public  hearing  only  was  held  during  the  year  (on  April  10, 
1893)  and  that  had  reference  to  the  taking  of  land  for  the  sewage 
disposal  of  Brockton  under  the  provisions  of  chapter  124  of  the  Acts 
of  1890. 

The  statistics  of  mortality  have  been  compiled  and  published  each 
week  at  the  office  of  the  Board  in  the  form  of  a  weekly  bulletin, 
which  also  contains  once  a  month  a  report  of  the  work  done  in  the 
line  of  food  and  drug  inspection,  together  with  the  prosecutions 
made  under  the  Food  and  Drug  Acts.  In  addition  to  the  foregoing, 
during  the  past  year  the  statistics  of  reports  of  cases  of  infectious 
diseases  returned  under  the  provisions  of  chapter  302  of  the  Acts 
of  1893,  have  been  introduced  in  these  bulletins. 

The  following  table  presents  certain  statistical  data  relative  to  the 
routine  work  of  the  Board  :  — 

Statistical  Tabli;  for  th^  Year  endinq  Sept.  30,  1898. 

Whole  namber  of  samples  of  foods.and  drugs  examined  during  the  year,  6,409 

Samples  of  milk  examined  (included  in.  the  foregoing), ....  3,073 

Whole  number  examined  since  beginning  of  work  in  1883,    .        .        .  53,573 
Whole  number  of  samples  of  milk  examined  since  beginning  of  work 

in  1883,. 27,076 

Number  of  warning  notices  issued  relative  to  adulteration  during  the  year,  423 

Number  of  prosecutions  against  offenders  during  the  year,     ...  96 

Number  of  convictions  during  the  year, 92 

Amount  of  fines  secured  during  the  year,       ^ 12,476.00 

Force  employed  at  Boston,  for  food  and  drug  inspection,  chemists  and 

assistants, 2 

At  Amherst,        • 1 

—    3 

Inspectors, 3 


Total. 


6 


liv  STATE  BOARD  OF  HEALTH.  [Jan. 

Under  the  Provisions  op  the  Act  to  protect  the  Pdritt  of  Inland 

Waters. 

[Thla  table  appHei  to  the  oaleDder  year  ending  Dec.  81, 1803.] 

Statistical  Table  for  the  Year  1893. 

Applications  for  advice  from  cities,  towns  and  others :  — 

Relating  to  water  supply, .  39 

Relating  to  sewerage  and  drainage, 12 

Total, 61 

Number  of  samples  of  water  examined  chemically  and  microscopically 

at  the  Massachusetts  Institute  of  Technology, 1,731 

Number  of  samples  of  soil  examined  chemically  at  the  Massachusetts 

Institute  of  Technology, 52 

Number  of  samples  of  sewage  and  water  examined  chemically  and  bao- 

terially  at  the  Lawrence  Experiment  Station, 2,176 

Number  of  samples  of  sand  examined  chemically  and  bacterially  at  the 

Lawrence  Experiment  Station, 513 

Number  of  samples  of  sand  examined  mechanically  at  the  Lawrence 

Experiment  Station, 314 

Additional  samples  examined  bacterially  at  the  Lawrence  Experiment 

Station 11,850 

Total  number  of  samples  examined, 16,636 

Force  employed  at  13  Beacon  Street :  — * 

Chief  engineer, 1 

Assistant  engineers, 8 

Stenographer  and  clerk, 1 

—  4 
At  Massachusetts  Institute  of  Technology :  — 

Chief  chemist,f 1 

Assistant  chemist,       ....•.••..         5 

Chief  biologist,t 1 

Assistant  biologists, 1 

—  8 
At  Lawrence  Experiment  Station :  — 

Chemists, 2 

Bacteriologists, 8 

Other  assistants  and  laborers, 4 

—  9 

Total  ordinary  force, 21 

*  Not  inclading  the  force  employed  upon  the  Metropolitan  Water  Sapply'lnTestlgationfl. 

t  The  chief  chemist  and  biologist,  although  located  at  the  Massachusetts  Instltnte  of  Tech- 
nology, have  the  oversight  of  the  chemical  and  biological  work  at  the  Lawrence  Experiment 
-Station. 
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The  number  of  applications  received  since  Jaly,  1886,  when  the 
act  relating  to  water  supply  and  sewerage  first  went  into  operation , 
is  as  follows :  — 

1886, 8 

1887, 22 

1888, 28 

1889, 88 

1890, 23 

1891 68 

1892, 66 

1893, 61 

Total, 279 

ReGOMHEND  ATIONS . 

The  following  recommendations  were  made  to  the  Legislature  at 
the  beginning  of  the  session  of  1894  :  — 

i.  With  reference  to  the  continnance  of  the  work  of  the  Board  under 
the  provisionB  of  chapter  375  of  the  Acts  of  1888  the  Board  recommends 
the  continuance  of  the  investigatioDs  already  commenced  and  those  indi- 
cated as  desirable  in  the  report  upon  Water  Supply  and  Sewerage  (Senate 
Doc.  4,  1894). 

For  these  purposes,  and  to  make  the  necessary  investigations  in  order  to 
advise  cities,  towns,  corporations  and  individuals  in  regard  to  the  best 
method  of  assuring  the  purity  of  intended  or  existing  water  supplies,  and 
the  best  method  of  disposing  of  sewage,  and  to  carry  out  the  other  provi- 
sions of  chapter  375  of  the  Acts  of  1888,  the  Board  estimates  that  the  sum 
of  $27,000  will  be  required. 

2.    Ab  to  Notification  of  Contagiotis  Diseases. 

That  the  laws  in  reference  to  the  notification  of  contagious  diseases  to 
certain  State  authorities  be  so  amended  that  the  law  now  in  force  in  regard 
to  small-pox  shall  be  extended  to  include  other  diseases  dangerous  to  the 
public  health. 

3.   State  Vaccine  InstittUion^ 

In  its  Twentieth  Annual  Report,  1888,  the  State  Board  of  Health  intro- 
duced the  subject  of  establishing  in  the  State  one  or  more  places  at  which 
vaccine  lymph  could  be  furnished  under  the  supervision  of  the  State,  so 
that  regular  supplies  of  lymph  could  be  furnished  to  all  State  institutions, 
to  the  local  aathorities  of  cities  and  towns,  and  to  such  physicians  as  might 
choose  to  obtain  their  lymph  from  such  an  institution. 


Ivi  STATE  BOARD   OF  HEALTH.  [Jan. 

This  plan  is  adopted  at  present  in  nearly  all  foreign  coantries  where 
yaccination  is  practised,  and  with  the  most  successful  result.  The  plan  of 
public  vaccinal  institutes  has  reached  its  highest  development  in  Germany, 
where  at  least  thirty  such  establishments,  well  equipped  and  under  thorough 
administration,  furnish  lymph  for  vaccination  to  all  who  desire  it.  By  this 
plan  the  purity  of  the  lymph  can  be  satisfactorily  assured,  and  the  physician 
or  local  board  of  health  can  procure  it  direct  from  the  institution,  thus 
avoiding  the  delay  of  ordering  through  agents  and  middlemen. 

As  a  result  of  this  plan  as  well  as  of  their  very  thorough  enforcement  of 
the  laws,  Germany  is  to-day  more  free  from  the  scourge  of  small-pox  than 
any  other  country  in  the  world. 

The  Board  therefore  recommends  that  an  appropriation  of be 

made  for  the  purpose  of  carrying  out  this  plan,  under  the  supervision  of 
such  authority  as  the  Legislature  may  direct. 

4,    As  to  Vital  Statistics. 

That,  inasmuch  as  an  intimate  study  and  knowledge  of  the  vital  statistics 
of  a  community  are  the  basis  of  wise  sanitary  administration,  the  data 
gathered  annually  by  the  Secretary  of  the  Commonwealth,  in  accordance 
with  the  provisions  of  existing  statutes,  be  submitted  in  their  entirety  to  the 
Board  of  Health  for  such  consideration  and  report  as  may  seem  to  promote 
most  fully  the  public  welfare.  Such  a  course  would  place  this  State  in 
harmony  with  the  usage  in  nearly  all  the  states  of  this  Union  having  regis- 
tration, and  in  the  civilized  countries  of  Europe. 

5.    As  to  Medical  Inspectors  of  Health. 
The  following  bill  was  recommended :  — 

Providing  for  the  appointment   op   advisory   medical  inspectors    of 

HEALTH  throughout  THE  COMMONWEALTH. 

Be  it  enacted^  etc.,  as  follows : 

Section  1.  The  governor,  by  and  with  the  advice  and  consent  of  the 
council,  shall,  as  soon  as  may  be  after  the  passage  of  this  act,  divide  the 
Commonwealth  into  such  number  of  districts,  to  be  known  as  health  dis- 
tricts, as  he  may  deem  proper  and  necessary  for  carrying  out  the  purposes 
of  this  act. 

Sect.  2.  After  the  division  provided  in  the  foregoing  section  the  gov- 
ernor shall  nominate,  and  by  and  with  the  advice  and  consent  of  the 
council,  shall  appoint  in  each  health  district  one  able  and  discreet  person, 
learned  in  the  science  of  medicine,  to  be  advisory  medical  inspector  of 
health  in  said  district.  Every  such  nomination  shall  be  made  at  least  seven 
days  prior  to  the  appointment. 

Sect.  8.  Said  advisory  medical  inspectors  of  health  shall  hold  their 
oflSces  for  a  period  of  seven  years  from  the  time  of  their  respective  appoint- 
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wents,  and  shall  be  liable  to  removal  from  office  by  the  governor  and 
couDcil  at  any  time  for  cause  shown. 

Sect.  4.  Each  advisory  medical  inspector  of  health  shall  reside  in  the 
district  to  which  he  is  appointed,  and  his  removal  therefrom  shall  be  equiva- 
lent to  a  resignation  of  his  office.  His  powers  and  duties  shall  be  advisory 
only.  He  shall  inform  himself  respecting  all  influences  affecting  or  threat- 
ening to  affect  injuriously  the  public  health  within  the  district,  and  shall 
promptly  notify  the  local  authorities  of  the  existence  of  all  conditions 
affecting  or  likely  to  affect  the  health  of  the  district,  and  shall  advise  with 
said  authorities  as  to  the  best  methods  of  controlling  the  same. 

Sect.  5.  Each  advisory  medical  inspector  of  health  shall  keep  a  record 
of  his  proceedings  and  observations,  and  shall  annually  make  a  report  to 
the  health  authorities  of  each  city  or  town  within  his  district  touching  mat- 
ters affecting  said  city  or  town,  and  shall  transmit  a  copy  of  each  report  to 
the  State  Board  of  Health  on  or  before  the  thirty-first  day  of  October  in 
each  year. 

Sect.  6.  Each  advisory  medical  inspector  of  health  shall  from  time  to 
time  as  requested  furnish  to  the  State  Board  of  Health  information  touching 
the  sanitary  condition  of  the  whole  or  any  part  of  his  district.  He  may 
make  such  reports  and  suggestions  to  the  State  Board  of  Health  or  to  the 
local  authorities  as  he  may  deem  advisable  ;  but  shall  in  every  instance  for- 
ward to  the  State  board  a  copy  of  any  such  communication  with  the  local 
authorities. 

Sect.  7.  The  governor,  by  and  with  the  advice  of  the  council,  shall 
establish  from  time  to  time  the  salaries  of  said  advisory  medical  inspectors 
of  health,  having  reference  in  each  district  to  the  extent  of  territory,  the 
number  of  inhabitants,  the  character  of  the  business  there  carried  on,  and 
the  amount  of  time  likely  to  be  required  for  the  proper  discharge  of  the 
duties.  The  salary  thus  established  shall  be  paid  from  the  treasury  of  the 
Commonwealth  quarterly. 

Sect.  8.     This  act  shall  take  effect  upon  its  passage. 

Expenditures. 

The  work  of  the  Board  is  conducted  under  the  provisions  of  several 
statutes,  and  for  its  different  departments  of  work  three  appropria- 
tions are  annually  made,  one  for  its  general  work,  one  for  the 
inspection  of  food  and  drugs  and  a  third  for  carrying  out  the  pro- 
visions of  chapter  375  of  the  Acts  of  1888,  relating  to  the  protection 
of  the  purity  of  inland  waters. 
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The  appropriations  for  these  different  departments  of  work  daring 
1893  were  as  follows  :  — 

For  the  general  work  of  the  Board, 110,800  00 

For  food  and  drug  inspection,       ...•#...      11,500  00 
For  work  under  the  provisions  of  chapter  375,  Acts  of  1888,      .        .      27,000  00 

149,300  00 

In  addition  to  these  regular  lines  of  work  the  Board  was  charged 
with  the  duty  of  investigating  the  question  of  a  general  water  supply 
for  the  city  of  Boston  and  the  suburban  cities  and  towns  to  the  dis- 
tance of  ten  miles  from  the  city. 

For  this  investigation  the  Board  was  authorized  to  expend  a  sum 
not  exceeding  $40,000,  of  which  sum  there  was  appropriated  in  1893 
the  sum  of  $15,000. 

The  expenditures  under  the  foregoing  appropriations  were  as 
follows :  — 

For  the  General  Work  of  the  Board. 

Salaries, |4,819  96 

Printing, 1,325  16 

Travelling, 1,140  70 

Special  investigations, 488  78 

Postage, 207  61 

Books,  subscriptions  and  binding, 306  68 

Express, 220  23 

Stationery, 152  42 

Telephone, 127  05 

Type-writer  and  library  supplies, 19  30 

Office  incidentals, 54  72 

Messenger  services, 257  27 

Telegrams, 7  33 

Draughting  wood-cuts, 31  50 

$9,168  70 

For  Food  and  Drug  Inspection.    For  Year  ending  Sept.  30,  1893. 

Salaries  of  analysts, f  4,400  00 

Salaries  of  inspectors, 3,900  00 

Travelling  expenses  and  purchase  of  samples,       .        .        •        .        .  1,661  75 

Apparatus  and  chemicals, 235  68 

Rent  at  Harvard  Medical  School, 125  00 

Chemical  analysis  (by  other  chemists), 2  00 

Furniture  and  fittings  at  laboratory, 26  52 

Legal  services, 45  00 

Printing, 4  85 

Gas S3  36 

£xti*a  services, 20  00 

Total, f  10,454  11 
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Expenses  under  Chapter  376  op  Acts  of  1888.    Protection  of  Purity  op 

Inland  Waters.     For  Cauendar  Year  1893. 

Salaries,  including  wages  of  laborers  at  Lawrence  Experiment  Station,  |22,74 3  40 

Apparatus  and  materials,         .........  1^96  73 

Rent  of  rooms  at  Massachusetts  Institution  of  Technology,  .        .        .  900  00 

Rent  of  Lawrence  Experiment  Station, 125  00 

Travelling  expenses,        ..........  195  81 

Express  charges, 420  95 

Use  of  tools  and  office,  Lawrence  Experiment  Station,  ....  412  32 

Printing, 74  54 

Stationery  and  drawing  materials,  .        • 86  21 

Maps,  blue  prints  and  photographs, 54  06 

Furniture, 43  00 

Paid  for  collecting  samples  of  water, •  8  25 

Postage  stamps, 27  90 

Messengers  and  telegrams, 7  82 

Total, .126,995  99 

For  Expenses  in  Inyistioation  of  Water  Supply  of  Boston  and  Sub- 
urban Towns. 

[Aon  ov  1898,  Obattsb  4M.] 

Salaries, 17,455  83 

Services  and  expenses,  experts, 162  25 

Apparatus  and  repairs,  borings,  drawing  and  surveying  instruments, 

etc., 1,249  00 

Travelling  expenses  and  board  of  employes, 1,200  68 

Maps,  etc., 43  50 

Stationery  and  account  books, . 71  20 

Hardware,  hose,  pump,  pipe,  etc., 596  87 

Lumber, 45  34 

Freight,  express,  etc., 15  99 

Office  rent  and  incidentals, 7227 

(10,912  93 

A  statement  of  the  expenditures  relating  to  the  exhibit  of  the 
Board  at  the  World's  Columbian  Exposition  may  be  fotind  on  page 
xxiii. 

H.   P.  WAXCOTT, 
J.   W.   HASTINGS, 
H.   F.  MILLS, 

F.  W.  DRAPER, 

G.  C.  TOBEY, 
J.  W.  HULL, 
C.   H.  PORTER, 

State  Board  of  Health, 
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WATER  SUPPLY  AND  SEWERAGE.* 


[Beport  required  by  the  proTlsions  of  chapter  875  of  the  Acts  of 
1888«  entitled  "An  Act  to  protecst  the  purity  of  inland  waters, 
and  to  require  consultation  with  the  State  Board  of  Health 
reffardinff  the  establishment  of  systems  of  water  supply,  drain- 
age and  sewerage."] 

The  following  report  contains  the  substance  of  the  replies 
made  by  the  Board  to  those  cities,  towns,  corporations  and 
individuals  which  have  applied  to  the  Board  for  its  advice 
relative  to  systems  of  water  supply,  drainage  and  sewerage, 
under  the  provisions  of  chapter  375  of  the  Acts  of  1888.  It 
also  includes  a  summary  of  the  work  done  by  the  Board  in 
connection  with  the  examination  of  water  supplies  and  rivers, 
and  the  purification  of  sewage. 

As  one  result  of  the  studies  of  the  Board,  in  connection 
with  the  investigations  made  at  the  Experiment  Station, 
there  has  been  constructed  during  the  past  year  by  the  city 
of  Lawrence  a  filter-bed  covering  an  area  of  two  and  a  half 
acres  which  now  filters  the  domestic  water  supply  for  about 
47,000  people.  This  water  supply  is  derived  from  the  Mer- 
rimack Kiver,  which  receives  the  drainage  of  a  large  part  of 
!New  Hampshire,  and  the  sewage  of  Lowell  enters  only  nine 
miles  above  the  intake  of  the  Lawrence  water  works.  There 
has  been  in  past  years  a  great  increase  in  the  number  of  deaths 
by  typhoid  fever  in  Lowell  and  in  Lawrence  in  the  late  tall 
and  winter  months,  after  the  disease  had  spent  its  force  and 
nearly  ceased  in  the  towns  and  cities  up  the  river. 

The  studies  of  the  Board  led  them  to  conclude  that  this 
large  number  of  deaths,  often,  in  Lawrence,  exceeding  the 
numbA  in  the  city  of  Boston  in  the  same  months,  was  due 
to  disease  germs  brought  down  the  river  and  distributed  to 
the  citizens  in  their  drinking  water ;  and  after  making  filters 
at  the  Experiment  Station  that  removed  all  the  disease  germs 

*  The  flint  pages  of  this  report  were  contained  in  s  report  made  to  the  Iiegisla- 
tnre  Jan.  10, 1894  (Senate  Docament,  Ko.  4).  ▲  portion  of  the  report  then  made, 
relating  to  the  work  done  at  the  Lawrence  Experiment  Station,  is  not  reprodaoed, 
because  a  more  complete  account  of  the  work  done  at  this  place  will  be  found  in  a 
subsequent  part  of  this  volume. 
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put  into  the  water  applied  to  them,  the  Board  advised  the 
city  of  Lawrence  to  construct  a  filter  under  the  direction  of 
the  Board,  and  to  purify  their  drinking  water.  The  filter 
was  commenced  in  the  &M  of  1892,  and  finished,  at  a  cost 
of  about  $65,000,  in  September,  1893.  Since  September 
20  all  the  water  that  has  been  pumped  to  the  city  reservoir 
has  first  passed  through  the  filter. 

Very  frequent  examinations  of  the  water  show  that  98  per 
cent,  of  all  of  the  bacteria  in  the  river  water  applied  to  the 
filter  are  removed  directly  by  it,  and  in  addition  to  this 
it  removes  a  large  part  of  the  organic  matter  from  the 
water  and  converts  much  of  it  to  mineral  matter,  thus  de- 
priving the  remaining  bacteria  of  food  material  and  render- 
ing the  conditions  of  life  so  unfavorable  that  the  bacteria 
decrease  as  the  water  goes  on  through  the  reservoir  and 
through  the  distributing  pipes,  until  when  the  water  reaches 
the  citizens  there  remains  but  one-half  of  1  per  cent,  of  the 
number  of  bacteria  in  the  river  water ;  that  is,  99^  per  cent, 
of  all  have  been  removed. 

The  experiments  of  the  Board  indicate  that  the  small 
numbers  remaining  are  of  a  few  hardy  kinds  that  are  not 
known  to  be  in  any  way  injurious  to  health ;  and  leave  the 
strong  probability  that  all  the  disease-producing  germs  have 
been  removed. 

The  result  upon  the  health  of  the  people  of  Lawrence  is 
very  marked  and  very  satisfactory.  The  number  of  deaths 
from  typhoid  fever  in  Lawrence  for  the  three  months  of 
October,  November  and  December  during  the  past  five  years 
has  averaged  eighteen  ;  the  number  of  deaths  this  year,  since 
the  water  has  been  filtered,  in  the  same  three  months,  has 
been  four. 

At  the  end  of  the  year  1893  all  of  the  30  cities  in  the 
Commonwealth,  and  116  towns  out  of  a  total  of  322,  were 
provided  with  a  public  water  supply.  The  total  population 
of  the  communities  having  a  public  water  supply  is  87.1  per 
cent,  of  the  total  population  of  the  State. 

There  are  now  but  6  towns  which,  by  the  census  of  1890, 
had  a  population  exceeding  4,000,  which  are  not  provided 
with  a  public  water  supply.  The  names  of  these  towns,  with 
their  respective  populations  in  1890,  are  as  follows :  Black- 
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stone,  6,138;  Ipswich,  4,439;  Millbuiy,  4,428;  Winchen- 
don,  4,390 ;  Rockport,  4,087  ;  and  Barnstable,  4,023. 

Twenty-eight  cities  and  67  towns,  having  together  a  total 
population  of  1,704,510,  own  their  water  works,  while  2 
cities  and  49  towns,  with  a  total  population  of  244,945,  are 
supplied  by  private  companies. 

The  flow  of  the  streams  in  the  year  1893,  taken  as  a  whole, 
as  indicated  by  the  volume  of  water  flowing  in  Sudbury 
River,  has  been  a  very  little  below  the  average  for  a  long 
series  of  years ;  but  the  seasonal  distribution  of  the  flow  has 
been  very  uneven,  the  year  resembling  in  this  respect  1891. 
During  the  four  months  from  February  to  May,  inclusive, 
the  flow  was  23  per  cent,  above  the  average,  and  greater 
than  in  all  but  three  of  the  previous  eighteen  years.  On  the 
other  hand,  the  flow  for  the  six  months  from  June  to  Novem- 
ber, inclusive,  was  46  per  cent,  below  the  average  for  these 
months,  and  there  were  only  four  years  of  the  previous 
eighteen  when  the  flow  during  the  same  months  was  lower. 

A  year  of  this  unusual  character  aflects  very  diflerently 
different  classes  of  water  supplies.  Those  communities  hav-» 
ing  sufficiently  capacious  ponds  or  reservoirs  to  store  the 
whole  amount  of  water  flowing  in  the  spring,  obtained  for 
use  about  the  average  yield  of  their  sources  of  water  supply ; 
while  those  provided  with  smaller  ponds  or  reservoirs,  so 
that  they  could  not  prevent  the  spring  flow  of  the  streams 
from  running  to  waste,  felt  much  more  severely  the  effect  of 
the  drought  of  the  succeeding  six  months.  The  city  of  Bos- 
ton practically  exhausted  the  water  in  its  Sudbury  River 
reservoirs,  but  the  fall  rains  fortunately  came  in  season  to 
prevent  any  shortage  of  water.  Mystic  Lake,  which  supplies 
Charlestown,  Somerville,  Chelsea  and  Everett,  was  reduced 
to  so  low  a  level  that  temporary  pumps  were  used  for  a  short 
time  to  pump  water  from  the  lake  into  the  aqueduct. 

These  are  only  examples  of  what  occurred  in  many  places 
in  the  State.  In  the  southern  part  of  the  State  there  was 
even  less  rain  than  in  the  eastern  part,  and  some  places,  of 
which  Southbridge  and  Uxbridge  may  be  mentioned  as  ex- 
amples, entirely  exhausted  the  water  from  their  usual  sources 
of  supply,  and  were  obliged  to  resort  to  pumping  water  from 
the  neighboring  rivers,  thus  introducing  into  the  pipes  water 
of  undesirable  quality. 
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The  State  Board  of  Health  was  authorized  and  directed, 
by  chapter  459  of  the  Acts  of  1893,  to  investigate,  consider 
and  report  to  the  Legislature  of  1895  upon  the  question  of  a 
water  supply  for  the  city  of  Boston  and  its  suburbs  within  a 
radius  often  miles  from  the  State  House,  and  for  such  other 
cities  and  towns  as  in  its  opinion  should  be  included  in  con- 
nection therewith. 

The  experience  of  the  past  year  has  emphasized  the  Urgent 
need  of  a  new  water  supply  for  this  district,  as  not  only  has 
the  water  supply  of  Boston  and  the  district  supplied  from 
Mystic  Lake  been  nearly  exhausted,  as  above  indicated,  but 
the  water  supplies  of  a  majority  of  the  places  in  the  Metro- 
politan district  have  been  in  a  similar  condition. 

The  Board  began  considering  the  subject  of  a  water  supply 
for  the  Metropolitan  district  seven  years  ago,  by  collecting 
information  of  a  general  character  with  regard  to  the  various 
sources  which  might  furnish  a  water  supply  for  this  district, 
and  by  determining  the  exact  quality  of  the  water  of  the 
different  sources  by  a  series  of  analyses  covering  a  period  of 
two  years  or  more. 

Owing  to  these  preliminary  studies,  the  Board  was  enabled 
to  begin  at  once,  after  the  passage  of  the  act  above  mentioned, 
to  enlarge  its  staff  of  engineers,  and  to  make  surveys  and 
examinations  with  a  view  to  determining  definitely  the  ca- 
pacity of  different  sources  and  the  cost  of  obtaining  a  water 
supply  from  them. 

While  it  is  too  early  to  present  any  conclusions  regarding 
the  best  source  of  water  supply  for  the  district,  it  may  be 
said  that  the  investigations  made  up  to  the  present  time 
indicate  that  an  abundant  supply  of  good  water  for  the 
Metropolitan  district  may  be  obtained  without  excessive 
expenditure. 

The  comparatively  low  stream-flow  of  the  last  three  years 
has  made  the  question  of  additional  water  supplies  for  many 
towns  extremely  urgent,  and  the  advice  of  the  Board  as 
regards  the  capacity  and  fitness  of  new  sources  of  supply 
has  been  repeatedly  sought.  The  constantly  increasing 
fund  of  information  which  the  Board  is  acquiring  through 
its  staff  of  engineers,  chemists  and  biologists,  concerning 
the  characters  of  the  natural  waters  of  the  State,  puts  it  in 
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position  to  give  advice,  in  many  cases,  with  a  certainty  and 
promptness  that  was  not  possible  before  these  investigations 
were  undertaken. 

The  chemical  and  microscopical  analyses  of  the  waters  of 
the  State  have  been  continued  during  the  year  1893,  1,731 
samples  of  water  having  been  examined.  These  examina- 
tions include  many  of  the  regular  water  supplies  of  the 
State,  but  a  very  much  larger  number  of  examinations  than 
ever  before  has  been  made  of  waters  proposed  for  new  sup- 
plies of  cities  and  towns. 

Following  is  a  classified  list  of  the  waters  examined  during 
the  year :  — 

From  open  and  corered  reservoirs  for  the  storage  of 

groundwaters, 26 

From  gromid-water  supplies, 294 

Special  investigations  of  regular  water  supplies  af- 
fected by  tastes,  odors,  etc., 16 

From  ponds  and  storage  reservoirs  and  their  inlets,  •  678 

From  streams  and  miscellaneous  sources,   .  127 

Total  firom  regular  water  supplies, 1,041 

In  connection  with  investigations  of  new  sources  of 
water  supply, 230 

With  reference  to  pollution  of  streams,  .  155 

With  reference  to  sewage  purification  at  Framingham, 
Marlborough,  Gardner,  Medfield,  Westborough, 
J^nox,  Amherst  and  Wellesley,       •        .        •        .  251 

In  connection  with  the  study  of  epidemics, ...  18 

Miscellaneous, 86 

—         690 

Total, 1,731 

The  microscopic  vegetable  and  animal  organisms  have 
been  determined  as  usual  in  all  the  waters  which  have  been 
examined  chemically,  and  our  knowledge  of  the  connection 
between  these  organisms  and  the  tastes  and  odors  of  the 
waters,  has  been  somewhat  increased. 

The  continued  investigation  of  the  efficiency  of  sewage 
purification  throughout  the  State  by  the  chemical  and  bio- 
logical examination  of  sewages  and  effluents,  and  by  the 
mechanical  analysis  of  soils,  has  afforded  important  results, 
which,  taken  in  connection  with  the  experimental  work  at 


8  STATE  BOARD  OF  HEALTH.    [Pub.  Doc. 

the  Board's  Experiment  Station  at  Lawrence,  can  be  directly 
utilized  in  determining  rules  of  practice  for  the  purification  of 
sewage  by  intermittent  filtration  on  a  large  scale.  A  very 
large  number  of  examinations  of  sewage  and  effluents  has  been 
made  from  the  purification  fields  at  Framingham,  Marlbor- 
ough, Gardner,  Medfield,  Westborough,  Lenox  and  Wellesley. 
No  sanitary  question  is  of  greater  or  more  inmiediate  im- 
portance than  the  disposal  and  purification  on  land,  of  the 
sewage  of  cities  and  towns.  To  do  this  effectively  and  harm- 
lessly, an  intelligent  control  of  the  process  is  needed  for 
each  situation. 

In  connection  with  the  study  of  new  sources  of  supply,  a 
large  number  of  ground  waters  has  been  examined,  with  the 
result  of  adding  much  to  our  knowledge  of  the  subterranean 
waters  of  the  State.  In  the  report  for  1892  attention  was 
directed  to  the  presence  of  iron  in  some  ground  waters, 
which  made  them  very  objectionable  for  domestic  use. 
During  the  past  year  the  metal  manganese  has  been  found  in 
well  waters  at  Watertown  in  considerable  amount,  associated 
with  organic  matter.  The  sanitary  significance  of  this  occur- 
rence has  yet  to  be  determined. 

In  previous  reports  of  the  Board  attention  has  more  than 
once  been  drawn  to  the  fact  that  the  deeper  layers  of  water 
in  ponds  were  stagnant  during  the  warmer  months,  and  that 
when  the  bottom  of  the  pond  or  reservoir  contained  decom- 
posable organic  matter  the  water  near  the  bottom  became 
very  foul  with  the  products  of  putrefaction.  In  the  case  of 
Lake  Winnipiseogee,  samples  taken  during  August  at  a  depth 
of  110  feet  from  the  surface  showed  the  water  to  be  of  the 
same  quality  and  composition  at  the  bottom  as  at  the  sur&ce. 

Analyses  of  soils  from  a  proposed  storage  reservoir  have 
been  made  to  determine  the  amount  of  stripping  which  would 
be  necessary  to  remove  all  the  organic  matter  from  the  sur- 
face before  filling  the  reservoir  with  water.  The  cleaning 
of  the  bed  and  sides  of  a  reservoir  is  now  known  to  be  essen- 
tial if  the  water  contained  in  it  is  to  be  preserved  free  from 
putrefactive  products  in  summer;  but  the  depth  to  which 
the  surface  soil  should  be  removed  can  be  best  learned  by  a 
direct  determination  of  the  organic  matter  in  the  different 
layers.  The  results  of  the  analyses  in  this  case  are  interest- 
ing and  valuable. 
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An  extended  series  of  analyses  of  the  water  of  the  lower 
Oiarles  River  has  been  made  during  the  year  to  determine 
the  amount  of  its  pollution  by  sewage  and  manufacturing 
wastes,  and  also  to  determine  the  influence  of  the  flood  tide 
in  backing  up  the  impure  water. 

During  the  year  the  artificial  ice  made  for  sale  in  the  State 
has  been  investigated,  chemically  and  biologically.  A  special 
report  on  the  subject  was  made  to  the  General  Court  on  May 
16,  1893. 

Of  the  sewage  filters  at  the  experiment  station,  several  of 
those  that  had  been  in  use  for  five  or  six  years  had  for  a  year 
or  more  been  subject  to  treatment  known  to  be  unlikely  to  give 
the  best  results,  but  tried  for  the  purpose  of  learning  the 
result  of  peculiar  methods  of  treatment,  and  the  effluent  was 
not  as  well  purified  as  in  former  years.  Upon  restoring  the 
old  filters  to  their  normal  condition  and  treating  them  by  the 
methods  which  had  been  found  most  favorable  for  complete 
purification  they  resumed  their  former  ability,  and  gave  as 
satisfactory  effluents,  both  in  quality  and  quantity,  as  in  for- 
mer years. 

In  the  filtration  of  sewage  remarkable  results  have  been 
obtained  through  the  past  year,  by  first  filtering  sewage  very 
rapidly  (nearly  five  hundred  thousand  gallons  per  acre  daily) 
through  gravel  stones  through  which  air  was  also  being  con- 
stantly drawn ;  and  then  again  filtering  this  effluent  through 
.«and  at  the  rate  of  about  one  million  gallons  per  acre  daily. 
By  the  first  filtering  about  82  per  cent,  of  the  albuminoid 
.ammonia  and  the  same  percentage  of  the  bacteria  were  re- 
moved ;  and  at  the  end  of  the  second  filtering  there  remained 
in  the  effluent  but  2^  per  cent,  of  the  albuminoid  ammonia 
of  the  sewage  and  but  two  one-hundredths  of  1  per  cent,  of 
the  bacteria.  By  this  method  of  first  burning  up  the  sludge 
by  the  help  of  the  cun'ent  of  air  drawn  through  the  gravel 
stones  nearly  three  times  as  much  sewage  may  be  nitrified 
:and  purified  with  a  given  area  of  surface  as  has  been  previ- 
ously purified  by  sand  filtration. 

It  is  desirable  that  experiments  upon  this  method  of  filtra- 
tion be  continued  and  its  limits  determined. 

Very  good  effluents  have  also  been  obtained  by  rapid  filtra- 
tion through  sand  of  the  supernatant  liquid  after  sewage  has 
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settled  naturally  and  after  the  sludge  has  been  precipitated 
by  chemicals. 

In  water  filtration  very  satisfactory  results  in  the  removal 
of  bacteria  have  been  obtained  when  filtering  at  much  higher 
rates  than  formerly,  even  up  to  nine  million  gallons  per  acre 
daily.  These  results  indicate  the  desirability  of  further  ex- 
periments to  determine  under  what  conditions  satis&ctory 
removal  of  disease  germs  may  be  assured  when  filtering  at 
more  rapid  rates. 


ADVICE  TO  CITIES  AND  TOWNS. 

Under  the  provisions  of  chapter  375  of  the  Acts  of  1888^ 
entitled  "An  Act  to  protect  the  purity  of  inland  waters^ 
and  to  require  consultation  with  the  State  Board  of  Health, 
regarding  the  establishment  of  systems  of  water  supply, 
drainage  and  sewerage,"  the  Board  is  required  '^  from  time 
to  time  to  consult  with  and  advise  the  authorities  of  cities 
and  towns f  or  with  corporations^  firms  or  individuals  either 
already  having  or  intending  to  introduce  systems  of  water 
supply^  drainage  or  sewerage^  as  to  the  most  appropriate 
source  of  supply  j  the  best  practicable  method  of  assuring  the 
purity  thereof  or  of  disposing  of  their  drainage  or  sewage^ 
having  regard  to  the  present  and  prospective  needs  and  tn* 
terests  of  other  cities^  toums^  corporations^  firms  or  individuals 
which  may  be  affected  therehy.  It  shall  also  from  time  to* 
time  consult  with  and  advise  persons  or  corporations  en- 
gaged  or  intending  to  engage  in  any  manufacturing  or  other 
business,  drainage  or  sewage  from  which  may  tend  to  cause- 
the  pollution  of  any  inland  water,  as  to  the  best  practicable 
method  of  preventing  such  pollution  by  the  interception, 
disposal  or  purification  of  such  drainage  or  sewage  :  provided y 
that  no  person  shall  be  compelled  to  bear  the  expense  of 
such  consultation  or  advice,  or  of  experiments  made  for  the 
purposes  of  this  act.  All  such  authorities^  corporations^ 
firms  and  individuals  are  her^y  required  to  give  notice  to- 
said  Board  of  their  intentions  in  the  premises^  and  to  submiC 
for  its  advice  outlines  of  their  proposed  plans  or  schemes  in 
relation  to  water  supply  and  disposal  of  drainage  and  sewage ^ 


No,  34.]     ADVICE  TO  CITIES  AND  TOWNS.  11 

and  aUpetUtons  to  the  Legislature  for  authority  to  introduce 
a  system  of  vKiter  supply  9  drainage  or  sewerage  shall  he  a/y 
companied  by  a  copy  of  the  recommendation  and  advice  of  the 
said  Board  thereon,** 

During  the  year  1893  the  Board  has  given  its  advice  to 
the  following  cities,  towns,  corporations  and  individuals  who 
have  applied  for  such  advice  under  the  provisions  of  the 
general  act  of  1888,  or  under  special  acts  relating  to  water 
supply  and  sewerage. 

Seplies  were  made  during  the  year  to  applications  made 
from  the  following  sources  for  advice  relative  to  water 
supply:  Arlington,  Canton,  Chester,  Fairhaven,  Falmouth 
Heights,  Holyoke,  Hyde  Park,  Kingston,  Lawrence,  Lex- 
ington, Lowell,  Lynn,  Marlborough,  Medford,  Melrose  (three- 
replies),  Mendon,  Methuen  (two  replies),  Newburyport 
(two  replies).  North  Andover,  Peabody,  Rockport,  Salem, 
Saundersville  (Grafton),  Scituate,  Sharon,  Southbridge  (two 
replies) ,  South  Deerfield,  Stoughton,  Uxbridge,  Wakefield, 
Walpole  (two  replies),  Waltham,  Webster,  Westborough, 
West  Springfield,  Whitman. 

Beplies  relating  to  sewerage  and  sewage  disposal  were 
made  in  response  to  applications  from  the  following  sources : 
Andover,  Attleborough,  Braintree,  Brockton  (two  replies), 
Framingham,  Holyoke,  Leicester  (three  replies).  North 
Brookfield,  Pittsfield,  Plymouth,  Spencer  and  Westborough.. 


Watbe  Supplt. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relating  to  water  supply :  — 

Ablington.  The  committee  on  water  supply  of  the 
town  of  Arlington  applied  to  the  State  Board  of  Health,  Dec. 
24,  1892,  for  advice  relative  to  the  best  method  of  obtaining 
a  water  supply  for  the  higher  portions  of  the  town,  which 
cannot  be  supplied  from  the  present  service,  and  of  improv- 
ing the  quality  of  the  present  supply.  The  attention  of  the 
Board  was  particularly  called  to  a  plan  for  pumping  water 
from  driven  wells,  on  the  borders  of  the  great  meadows  and 
near  the  East  Lexington  railroad  station,  to  a  reservoir  at  & 
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sufBcieHt  height  to  supply  the  high  portions  of  the  town. 
The  Board  replied  as  follows :  — 

BosTow,  Feb.  10, 1893. 

In  order  to  ascertain  the  qaality  of  water  from  these  wells,  the 
Board  has  caused  analyses  to  be  made  of  the  five  samples  sent  in 
by  you.  These  samples  showed  the  presence  of  an  unusually  large 
amount  of  free  ammonia  for  a  ground  water  and  a  larger  amount 
of  iron  than  is  commonly  found,  both  of  which  were  probably  due 
to  the  proximity  of  the  wells  to  the  Great  Meadows.  Notwith- 
standing these  characteristies,  if  the  water  drawn  from  this  source 
should  continue  to  be  as  good  as  the  samples,  there  is  no  doubt 
that  it  would  be  satisfactory  for  all  water-supply  purposes,  and 
very  much  better  than  the  water  at  present  supplied  to  Arlington. 
The  great  danger,  however,  is  that  with  continued  pumping  the 
water  will  be  derived  to  an  increased  extent  from  the  meadow  by 
filtration  through  the  peaty  material,  and  will  deteriorate  and  be- 
come unsatisfactory. 

It  is  obvious  from  an  inspection  of  the  locality  where  the  wells 
are  driven  that  very  little  if  any  water  can  come  from  the  easterly 
or  down  stream  side  of  the  wells  owing  to  the  presence  of  rock  and 
other  impervious  material,  and  the  fall  of  the  ground  in  this  direc- 
tion. In  other  directions  from  the  wells  the  character  of  the  up- 
land which  might  contribute  ground  water  to  them  is  such  that  a 
large  portion  of  the  water  flows  off  into  the  meadows,  and  only  a 
comparatively  small  amount  soaks  into  the  ground,  near  enough  to 
the  wells  so  that  it  will  percolate  directly  to  them.  If  any  large 
quantity  of  water  is  to  be  obtained  from  the  wells,  the  supply  must 
necessarily  be  derived  from  the  meadow  by  the  filtration  of  water 
through  it  into  the  ground  beneath,  and  under  such  circumstances 
it  is  extremely  doubtful  if  the  supply  will  continue  to  be  of  satis- 
factory quality. 

With  regard  to  the  quantity  of  water  to  be  derived  from  this 
source,  the  character  of  the  material  encountered  by  the  test  wells 
and  the  results  obtained  by  the  pumping  test  seem  to  indicate  that 
the  ground  in  the  immediate  vicinity  of  the  wells  is  of  favorable 
character  for  obtaining  a  ground  water  supply.  The  tests  have 
not  been  sufficiently  extended,  however,  to  determine  from  how 
large  a  territory  wells  at  this  place  will  draw  water  or  how  much 
water  can  probably  be  obtained  from  this  source.  Even  if  the 
wells  should  draw  water  from  a  very  considerable  distance,  so  that 
all  the  water  now  coming  into  the  Great  Meadows  could  be  utilized, 
the  average  daily  supply  in  a  dry  year  could  hardly  be  expected  to 
exceed  200,000  gallons  per  day ;  but  if  the  water  filtering  through 
the  peaty  material  of  the  Great  Meadows  should  prove  to  be  of 
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satififactory  qaality  the  supply  might  be  increased  by  diverting 
into  the  meadows  some  of  the  water  from  the  upper  half  of  the 
main  watershed,  which  would  otherwise  run  to  waste  during  the 
spring  over  the  dam  of  the  main  reservoir. 

Taking  everything  into  consideration  the  Board  is  of  opinion 
that  the  chances  are  against  getting  a  satisfactory  supply  from  the 
proposed  source  either  as  regards  quantity  or  quality,  though  some 
of  the  doubts  which  now  exist  might  be  removed  by  more  thorough 
tests  of  this  source  if  it  were  thought  advisable  to  make  them. 

In  view  of  the  unfavorable  outlook  for  obtaining  a  satisfactory 
supply  from  the  source  already  tested  near  the  Great  Meadows, 
the  Board  has  caused  examinations  to  be  made  by  its  engineer  of 
other  portions  of  the  watershed  from  which  your  water  supply  is 
derived.  Judging  from  the  surface  indications  he  finds  tha'i  some 
of  the  land  in  the  vicinity  of  the  main  brook  which  feed?  your 
reservoir  promises  to  furnish  a  larger  supply  of  ground  water  of 
good  quality  than  any  other  place  upon  the  watershed,  and  the 
Board  would  therefore  advise  that  you  make  further  tests  in  this 
vicinity.  It  is  desirable  to  locate  a  well  or  wells  quite  a  long  dis- 
tance, say  one-fourth  of  a  mile  or  more,  above  the  present  reser- 
voir but  not  so  far  up  stream  as  to  be  above  the  ridge,  through  a 
cutting  in  which  Alunroe  Brook  flows  into  the  stream  which  sup- 
plies your  reservoir.  It  is  also  desirable  to  avoid  the  immediate 
vicinity  of  any  large  swamp,  and  to  select  a  place  where  the  porous 
material  from  which  water  can  be  pumped  freely  extends  to  a  con- 
siderable depth,  say  from  thirty  to  fifty  feet. 

In  addition  to  the  question  of  obtaining  a  supply  from  the 
ground  your  application  also  refers  to  the  deepening  of  the  present 
reservoir  with  a  view  to  improving  the  quality  of  the  water. 

The  disagreeable  character  of  the  water  drawn  from  the  reser- 
voir at  times  last  year  and  also  on  previous  occasions  is  caused  by 
the  growth  and  decay  of  minute  vegetable  forms,  and  these  in  turn 
grow  in  greater  abundance  when  the  water  contains  an  abundant 
supply  of  nitrogenous  food.  Experience  has  shown  that  this  sup- 
ply of  food  may  be  derived  from  organic  matter  in  the  bottom  of 
the  reservoir  or  it  may  come  into  the  reservoir  in  the  water  which 
supplies  it.  In  the  present  case  the  supply  of  food  for  these  mi- 
nute organisms  may  be  derived  from  both  these  sources,  as  there 
is  a  considerable  amount  of  organic  matter  in  the  bottom  of  the 
reservoir,  and  analyses  show  that  the  water  of  the  brook  entering 
the  reservoir  contains  a  liberal  supply  of  nitrogen,  a  result  which 
might  be  expected  from  the  population  upon  the  watershed  and 
the  heavy  manuring  of  portions  of  it. 

The  removal  of  all  mud  from  the  reservoir  and  the  deepening  of 
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the  shallower  portions  would  undoabtedly  have  a  decided  tendency 
to  improve  the  character  of  the  water.  Of  these  improvements, 
however,  the  removal  of  the  mud  is  of  greater  importance  than  the 
deepening  of  the  shallower  portions  of  the  reservoir  where  it  has  a 
gravelly  bottom ;  still,  both  of  them  are  very  desirable.  There  can 
be  no  certainty,  however,  of  any  radical  change  for  the  better  in 
the  quality  of  the  water,  as  these  improvements  would  only  remove 
one  of  the  causes  of  the  minute  vegetable  growths. 

Canton.  The  water  commissioners  of  Canton  requested 
the  advice  of  the  State  Board  of  Health,  March  29,  1893,  as 
to  the  propriety  of  taking  an  additional  supply  of  water  fix)m 
the  valley  of  Beaver  Brook.  To  this  application  the  Board 
replied  as  follows :  — 

Boston,  Jane  2, 1893. 

The  State  Board  of  Health  has  considered  your  application  with 
regard  to  an  additional  water  supply,  to  be  taken  from  the  valley  of 
Beaver  Brook  above  your  present  pumping  station,  in  accordance 
with  the  report  of  your  engineer,  submitted  with  said  application. 

The  rei)ort  above  mentioned  contains  the  results  of  investigations 
made  at  various  points  in  the  valley  of  Beaver  Brook  above  the 
present  pumping  station.  The  nearest  point  at  which  the  investi- 
gations indicated  the  existence  of  a  valuable  additional  supply  is 
half  a  mile  above  the  present  pumping  station,  in  an  extensive 
meadow  and  swamp  lying  above  Pleasant  Street.  Other  investi- 
gations were  made  about  a  mile  above  the  pumping  station  in  what 
are  known  as  the  Ponkshire  Meadows  and  from  this  point  up  to 
the  vicinity  of  the  Henry  Springs,  so  called,  and  the  question  of 
taking  an  additional  supply  from  Dead  Meadow  Brook  and  from 
York  Pond,  which  lies  at  the  head  of  Beaver  Brook,  was  also  con- 
sidered. 

All  of  these  sources  except  the  Ponkshire  Meadows  may  furnish 
a  valuable  additional  supply  in  the  future,  but  the  investigations 
in  the  meadow  above  Pleasant  Street  indicate  that  a  sufficient  ad- 
ditional supply  of  good  water  for  the  present  may  be  obtained  from 
this  source  alone. 

The  plan  proposed  by  your  engineer  to  meet  all  present  require- 
ments consists  of  a  large  collecting  well  about  2,600  feet  above  the 
present  well,  and  connected  with  it  by  means  of  a  twelve-inch  pipe 
laid  at  a  considerable  depth  below  the  surface  of  the  ground.  It 
is  also  proposed  by  him  to  extend  pipes  above  the  new  well  and  to 
connect  driven  wells  with  them  to  furnish  additional  water. 

Ten  test  wells  were  driven  in  the  immediate  vicinity  of  the  pro- 
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posed  oollecting  well  and  at  varying  distances  from  it,  and  samples 
of  water  from  a  portion  of  these  wells  have  been  analyzed  by  the 
State  Board  of  Health.  The  tests  in  this  vicinity  indicate  the  ex- 
istence of  porous  layers  beneath  the  surface,  through  which  water 
will  flow  freely;  and  the  samples  of  water  collected  in  the  im- 
mediate vicinity  of  the  proposed  collecting  well  were  of  excellent 
quality.  At  a  distance  of  a  few  hundred  feet  from  this  location, 
however,  one  sample  was  collected  which  contained  enough  iron  to 
make  the  water  objectionable  for  domestic  uses,  and  at  a  somewhat 
greater  distance  in  another  direction  an  unsatisfactory  water  was 
obtained.  There  is  therefore  some  doubt  whether  the  water  at  the 
location  of  the  collecting  well  will  maintain  its  present  good  quality 
when  a  continuous  draft  on  the  well  causes  the  water  to  flow  to 
this  point  from  all  directions.  The  tests  above  the  collecting  well 
are  limited  in  number  and  do  not  enable  any  definite  judgment  to 
be  formed  as  to  the  character  of  the  water  to  be  obtained  from  the 
wells,  which,  according  to  the  proposed  plan,  are  to  be  driven  to 
supplement  the  supply  from  the  collecting  well. 

Taking  the  investigations  made  in  this  vicinity  as  a  whole,  they 
seem  to  indicate  that  it  will  be  feasible  to  obtain  a  satisfactory 
supply  of  water,  but  they  do  not  indicate  definitely  how  large  a 
territory  will  furnish  good  water,  or  whether  the  territory  which 
furnished  samples  of  good  water  will  continue  to  furnish  water  of 
the  same  quality  when  a  continuous  draft  is  made  upon  it,  nor  can 
the  permanent  quality  of  the  water  be  thoroughly  tested  except  by 
producing  this  continuous  draft,  which  may  be  done  either  by 
driving  wells,  connecting  them  together  and  pumping  from  them 
for  a  long  time,  or  by  laying  the  proposed  main  pipe  and  connect- 
ing the  driven  wells  with  it  so  that  they  will  flow  continuously. 
The  cost  of  a  pumping  test  would  be  so  large,  without  adding  any- 
thing of  permanent  value  to  the  works,  that  the  Board  advises  the 
laying  of  the  main  pipe  as  proposed  by  your  engineer,  and  the  con- 
nection with  it  of  driven  wells,  substantially  as  proposed  by  him, 
in  the  territory  where  the  best  water  can  be  obtained,  and  one  or 
two  driven  wells  at  the  site  of  the  proposed  collecting  well,  but  it 
would  not  advise  the  construction  of  the  collecting  well  until  the 
test  wells  in  its  vicinity  had  shown  by  running  a  long  time,  say  six 
months  or  a  year,  that  the  water  from  them  was  not  deteriorating 
in  quality.    After  such  test  the  collecting  well  could  be  constructed. 

Chestek.  The  committee  on  water  supply  of  the  town  of 
Chester  applied  to  the  State  Board  of  Health,  April  25, 1893, 
for  its  advice  relative  to  taking  the  water  of  Austin,  Walker 
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and  Blandford  brooks,  in  the  towns  of  Chester  and  Becket, 
and  of  Horn  Pond  in  the  town  of  Becket.  The  Board  replied 
as  follows :  — 

Boston,  Jnne  1, 1893. 

In  response  to  your  application  of  April  25,  1893,  the  State 
Board  of  Health  has  caused  an  examination  to  be  made  oi  lour 
sources  of  water  supply  for  Chester,  namely,  the  Austin,  Blandford, 
and  Walker  brooks  in  Chester  and  Becket,  and  Horn  Pond  m 
Becket. 

Samples  of  water  from  all  of  these  sources,  collected  by  yoir 
May  22,  have  been  analyzed.  All  four  samples  are  very  soft  and 
there  is  no  choice  between  them  in  this  respect.  In  all  other  re- 
spects the  analyses  of  samples  from  the  Austin  and  Blandford  brookff 
indicate  that  these  waters  are  very  nearly  alike  in  quality,  with  sb 
slight  advantage  in  favor  of  the  Austin  Brook,  and  that  they  are 
decidedly  better  than  the  waters  of  Walker  Brook  or  Horn  Pond. 
An  examination  of  Austin  Brook  shortly  after  a  heavy  rain  showed 
only  a  moderate  amount  of  turbidity  in  its  water,  and  the  absence 
of  houses  and  roads  upon  its  watershed  are  a  point  in  its  favor. 
It  is  therefore  a  very  desirable  source  of  supply  to  the  extent  of 
its  capacity.  There  is  obviously  no  reason  to  doubt  that  it  will: 
furnish  the  town  with  an  ample  supply  of  water  for  all  ordinary 
water  supply  purposes  except  during  very  dry  seasons,  and  Judging 
from  the  yield  of  other  mountain  streams,  in  proportion  to  the  ter- 
ritory drained  by  them,  it  will  furnish  a  sufficient  quantity  of 
water  even  at  such  times  for  these  purposes. 

The  Blandford  Brook  at  its  mouth  has  a  watershed  about  one- 
half  greater  than  that  of  the  Austin  Brook,  and  in  the  absence  of 
definite  knowledge  its  summer  flow  may  be  assumed  to  be  one-half 
greater  than  that  of  the  Austin  Brook. 

The  sample  of  water  from  the  Walker  Brook  was,  as  before  indi- 
cated, not  as  good  as  those  from  the  Austin  and  Blandford  Brooks  f 
still  it  would  be  classed  as  a  satisfactory  water  in  towns  where 
there  are  not  so  many  opportunities  for  getting  a  first-class  water, 
and  there  is  no  reason  now  known  to  the  Board  why  it  should  not 
be  resorted  to  should  the  other  sources  fail  in  very  dry  times  to 
furnish  a  sufficient  supply.  At  such  times  it  seems  probable  that 
the  water  from  this  brook  might  be  as  good  as  that  from  the  others, 
but  more  definite  information  upon  this  point  can  be  obtained  by 
collecting  and  analyzing  a  sample  of  water  from  the  brook  when 
at  a  low  stage. 

The  sample  from  Horn  Pond  indicates  that  at  the  time  of  its 
collection  the  water  of  this  source  was  better  than  that  of  the 
Walker  Brook,  but  not  nearly  as  good  as  that  of  the  other  brooks* 
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The  water  of  ponds  and  other  quiet  bodies  of  water  is  liable  to  be 
affected  at  times  by  growths  of  minute  organisms  which  affect  the 
taste  and  odor  of  the  water,  and  which,  though  not  known  to  be 
injurious  to  health,  may  at  such  times  render  the  water  unpalat- 
able. This  source  would  furnish  a  sufficient  quantity  of  water, 
but  owing  to  the  reasons  above  indicated  and  to  the  larger  cost  of 
taking  water  from  it  on  account  of  its  greater  distance  from  Ches- 
ter, it  does  not  seem  to  be  a  desirable  source  for  the  town  to  adopt. 
In  the  following  suggestions  as  to  the  source  to  be  adopted  and 
the  general  plan  of  works  the  Board  necessarily  bases  its  judgment 
on  facts  deduced  from  observations  made  in  other  places,  and  these 
suggestions  may  therefore  require  modification  on  account  of  the 
local  conditions  affecting  the  minimum  flow  of  these  streams,  of 
which  the  Board  now  has  no  definite  knowledge.  The  suggestions 
are  that  Austin  Brook  should  be  adopted  as  a  source  of  supply  in 
any  case,  and  that  if  a  larger  amount  of  water  than  it  will  supply 
is  needed  it  should  be  taken  from  the  Blandford  Brook  near  its 
mouth.  If  a  still  further  supply  should  ever  be  needed,  which 
would  occur  only  during  very  extreme  droughts,  if  at  all,  it  should 
be  taken  from  Walker  Brook.  Should  water  be  taken  from  both 
the  Austin  and  Blandford  brooks  it  would  be  desirable  to  place 
the  inlet  at  the  former  slightly  higher  than  at  the  latter  so  as  to 
insure  taking  the  supply  from  the  Austin  Brook  whenever  it  will 
furnish  a  sufiScient  quantity  of  water,  and  thereby  prevent  the 
entrance  of  the  water  from  the  Blandford  Brook  whenever  it  is 
affected  by  the  wash  from  the  road  near  it. 

Faibhaven.  The  authorities  of  Fairhaven  applied  to  the 
Board,  March  10,  for  advice  in  regard  to  introduciDg  a  water 
supply  frouk  driven  wells  in  the  easterly  part  of  the  town,  to 
which  the  Board  replied  as  follows :  — 

Boston,  May  6, 1893. 
The  State  Board  of  Health  has  considered  your  application  dated 
March  10,  1893,  relative  to  a  proposed  water  supply  for  the  town 
of  Fairhaven,  to  be  taken  from  driven  wells  in  the  valley  of  the 
Nasketucket  River,  a  small  stream  situated  about  one  and  a  half 
miles  east  of  the  town.  At  this  place  six  test  wells  have  been 
driven  and  are  now  flowing.  Samples  of  water  collected  from 
three  of  these  wells  have  been  analyzed.  The  analysis  of  the 
water  from  the  northeasterly  well  showed  it  to  be  a  very  pure  and 
very  soft  water,  while  the  samples  from  one  of  the  intermediate 
wells  and  from  the  southwesterly  well  indicated  water  that  had  at 
some  time  been  polluted  and  again  purified  by  filtration  through 
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the  ground.  As  there  are  very  few  houses  anywhere  near  the  wells 
and  the  whole  watershed  is  very  sparsely  settled,  the  inference  to 
be  drawn  from  these  results  is  that  the  southerly  wells  intercept  a 
vein  of  water  which  has  passed  near  one  of  the  nearer  farmhouses. 
These  resalts  should  not  lead  to  the  rejection  of  this  source  on  the 
score  of  quality,  because,  not  only  is  the  water  purified  by  its  pas- 
sage through  the  ground,  but  it  is  not  improbable  that  when  water 
is  pumped  from  this  source  continuously  it  will  assume  much  more 
nearly  the  character  of  the  water  now  flowing  from  the  northeast- 
erly well.  It  would  be  advisable,  however,  in  any  case,  if  a  supply 
is  taken  from  this  source,  to  determine  from  which  farmhouse  the 
polluting  matter  now  enters  the  ground,  and  prevent  such  pollution, 
rather  than  depend  upon  the  purifying  power  of  the  ground. 

With  regard  to  the  quantity  of  water  to  be  derived  from  wells  in 
this  locality,  the  tests  made  up  to  the  present  time  do  not  appear 
to  be  conclusive  as  to  whether  the  supply  will  be  sufiScient  for  the 
town  for  any  considerable  time  in  the  future.  Taking  into  account, 
however,  the  results  of  these  tests,  the  comparative  economy  of 
this  source  on  account  of  its  nearness  to  the  town  as  compared  with 
any  source  from  which  it  is  at  all  probable  that  a  satisfactory  sup- 
ply can  be  obtained,  the  opportunities  for  supplementing  the  supply 
whenever  necessary  from  the  Mattapoisett  River  valley,  and  the 
excellent  qu^.lity  of  the  water  which  the  proposed  source  may  be 
expected  to  furnish  with  proper  care  to  prevent  pollution,  the  Board 
is  of  opinion  that  this  source  is  a  proper  one  from  which  to  take  at 
the  present  time  a  water  supply  for  Fairhaven. 

It  has  been  found  by  experience  in  this  State  that  wells  encoun- 
tering ledge  within  20  to  80  feet  of  the  surface  do  not  furnish  as 
large  a  quantity  of  water  as  where  the  ledge  is  at  a  greater  depth, 
and  the  Board  therefore  advises  you  to  make  further  tests  of  the 
ground  in  this  vicinity  before  locating  the  permanent  wells  in  order 
to  ascertain  if  a  place  cannot  be  found  where  the  ground  is  porous 
enough  to  furnish  water  freely  and  where  the  ledge  is  at  a  greater 
depth  than  at  the  present  location. 

Falmouth  Heights.  The  Falmouth  Heights  Water  Com- 
pany applied  to  the  Board,  June  13,  for  advice  relative  to 
taking  a  supply  of  water  from  a  well  or  wells  on  the  premises 
of  the  company  at  Falmouth  Heights,  a  summer  resort  in 
Falmouth,  upon  Vineyard  Sound.  The  Board  replied  as 
follows :  — 

Boston,  Jnlj  6, 1893. 

In  reply  to  your  application  dated  June  13,  1893,  relative  to  a 
proposed  water  supply  for  the  summer  settlement  known  as  Fal- 


No.  34.]     ADVICE  TO  aTIES  AND  TOWNS.  19 

month  Heights,  in  the  town  of  Falmonth,  the  State  Board  of  Health 
has  caused  an  analysis  to  be  made  of  a  sample  of  water  from  a  well 
sank  in  one  of  the  parks  at  the  Heights,  a  few  hundred  feet  north 
of  Observatory  HUl,  and  finds  that  the  water  is  at  present  of  excel- 
lent quality  for  water  supply  purposes. 

Without  further  information  the  Board  is  unable  to  advise  in 
regard  to  the  quantity  of  water  that  can  be  obtained,  and  it  should 
be  examined  after  continued  use  that  its  permanent  character  may 
be  determined. 

HoLTOKE.  The  water  commissioners  of  Holyoke  applied 
to  the  Board,  June  13,  for  its  advice  relative  to  taking  the 
water  of  Munn  Brook,  in  the  town  of  Granville,  as  an  addi- 
tional water  supply  for  the  city.  The  Board  replied  to  this 
application  as  follows :  — 

Boston,  Oct.  5, 1893. 

The  State  Board  of  Health  received  from  you  on  June  13, 1898, 
an  application  for  advice  with  regard  to  an  additional  water  supply 
for  the  city  of  Holyoke,  accompanied  by  a  plan  for  taking  water 
from  Munn  Brook  in  the  town  of  Granville,  through  a  pipe  20 
inches  in  diameter,  to  Ashley  Fond,  one  of  the  present  sources  of 
water  supply  of  Holyoke. 

The  Board  has  caused  an  examination  of  the  watershed  of  Munn 
Brook  to  be  made,  also  an  analysis  of  a  sample  of  water  collected 
from  the  brook  near  the  proposed  point  of  taking. 

These  examinations  indicate  that  the  water  is  soft  and  naturally 
of  very  good  quality ;  but  it  is  at  present  polluted  at  a  few  points 
by  the  discharge  of  sewage  into  it. 

This  pollution  should  be  stopped  before  the  water  is  taken  for 
use,  and  as  an  additional  precaution  it  is  desirable  that  the  water 
should  be  diverted  into  Ashley  Pond  rather  than  be  allowed  to 
run  directly  from  the  stream  through  the  pipes  into  the  city. 

The  amount  of  water  which  this  source  will  furnish  with  a  20- 
inch  pipe  connection  to  Ashley  Fond  is  so  limited  that  the  Board 
would  advise  the  use  of  a  pipe  not  less  than  24  inches  in  diameter ; 
and  even  with  a  connection  of  this  size,  the  brook  will  not  furnish, 
in  very  dry  seasons,  a  sufficient  additional  supply  for  any  long 
term  of  years  in  the  future  if  the  city  continues  to  grow  as  it  has 
in  the  past,  unless  capacious  storage  reservoirs  are  built  upon  it  or 
its  branches. 

Certain  sites  for  reservoirs  have  been  indicated,  but  the  informa- 
tion furnished  with  regard  to  their  character,  capacity,  and  cost  is 
too  limited  to  warrant  an  opinion  as  to  whether  it  is  desirable  to 
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oonstruct  them.  It  has  been  shown,  however,  that  it  is  feasible 
to  supplement  the  supply  to  be  obtained  from  Munn  Brook  by  a 
comparatively  short  connection  from  the  Westfield  Little  River ; 
so  that  if  Munn  Brook  should  prove  insufficient,  there  may  be  an 
opportunity  to  obtain  a  further  supply  from  this  river. 

The  Board  has  also  caused  an  examination  to  be  made,  in  a 
general  way,  of  other  available  sources,  among  which  may  be  men- 
tioned the  Westfield  Little  River  above  referred  to,  and  Bachelor 
Brook  in  Granby,  both  of  which  would  furnish  more  water  than 
Munn  Brook ;  the  former  by  gravity,  and  the  latter  by  pumping. 

Neither  of  the  three  sources  which  have  been  mentioned  had 
such  a  distinct  advantage  over  the  others  as  to  enable  the  Board  to 
advise,  with  the  information  now  available,  as  to  which  is  the  most 
appropriate  source  of  water  supply  for  Holyoke. 

It  is  obvious  that  a  further  water  supply  for  Holyoke  is  urgently 
needed ;  and  in  view  of  the  fact  that  an  adequate  additional  supply 
will  necessarily  require  a  large  expenditure  of  money,  the  Board 
advises  you  to  have  made,  as  promptly  as  possible,  with  the  assist- 
ance of  an  engineer  skilled  in  water  supply  investigation,  a  much 
more  thorough  investigation  of  the  available  sources  than  has  yet 
been  made. 

When  this  additional  information  is  received,  the  Board  will 
advise  you  further  in  this  matter. 

Accompanying  this  reply  will  be  found  a  table  of  analyses  of 
samples  of  water  collected  from  various  sources. 

The  water  of  streams  varies  so  much  from  time  to  time  that  it 
will  be  advisable  to  have  further  analyses  made  as  a  basis  for 
forming  a  judgment  as  to  the  relative  quality  of  water  from  the 
different  sources.  The  Board  will  cause  these  analyses  to  be  made, 
if  you  will  provide  for  collecting  the  samples. 

Hyde  Park.  The  Hyde  Park  Water  Company  applied 
to  the  Board,  May  26,  for  advice  as  to  the  propriety  of  in- 
creasing their  present  supply  of  water  by  the  use  of  driven 
wells  north  of  their  present  driven  well  system.  The  Board 
replied  to  their  application  as  follows :  — 

Boston,  Jane  14, 1893. 

The  State  Board  of  Health  has  received  and  considered  your 
application  dated  May  26,  1893,  asking  it  to  examine  and  report 
upon  the  quality  of  water  from  a  new  system  of  driven  wells, 
located  just  north  of  the  present  driven  well  system  in  Hyde  Park. 

Samples  of  water  have  been  collected  and  analyzed  from  three 
wells  of  this  system,  one  being  the  well  nearest  the  river,  another 
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a  well  near  the  middle  of  the  system,  and  a  third  the  well  farthest 
from  the  river.  These  samples  were  all  collected  by  pumping  with 
A  hand  pump.  The  water  from  the  well  nearest  the  river  (well 
No.  5)  gives  the  same  indications  of  imperfect  filtration  which  are 
characteristic  of  water  from  the  starch  factory  well,  though  not  to 
so  great  an  extent.  This  water  would  not  be  of  satisfactory 
quality  for  water  supply  purposes.  The  samples  from  the  inter- 
mediate well  and  from  the  one  farthest  from  the  river  (wells  Nos. 
14  and  36)  resemble  in  character  the  water  taken  from  your  present 
driven  well  system  five  or  six  yeara  ago  and  are  of  satisfactory 
quality.  Just  what  the  effect  will  be  of  continuous  pumping  from 
the  wells  which  now  furnish  good  water  cannot  be  foretold  with 
certainty.  The  general  experience  under  these  circumstances,  how- 
ever, is  that  the  water  will  deteriorate.  The  Board  would  therefore 
advise  that  if  you  take  any  water  from  the  new  system  of  wells 
each  well  should  be  provided  with  a  gate  so  that  it  can  be  shut  off 
if  it  furnishes  water  of  unsatisfactory  quality,  and  frequent  tests 
should  be  made  to  determine  whether  or  not  the  water  is  deterio- 
rating. 

It  is  very  desirable  that  in  increasing  your  supply  in  the  vicinity 
of  your  present  pumping  station  water  should  be  taken  from  the 
ground  as  far  from  the  river  as  suitable  porous  material  can  be 
found. 

Kingston.  The  water  commissioners  of  Kingston  ap- 
plied to  the  Board,  Jane  9,  for  its  advice  relative  to  increas- 
ing their  water  supply  by  taking  the  water  of  Jones  River, 
in  case  their  present  ground-water  supply  should  prove  insuf- 
ficient.    The  Board  replied  as  follows :  — 

Boston,  Jnly  6, 1898. 
The  State  Board  of  Health  received  from  you  on  June  9,  1893, 
an  application  with  regard  to  using  water  from  Jones  River  this 
summer  for  an  additional  water  supply  if  the  supply  from  the  pres- 
ent well  and  filter-gallery  should  prove  insufficient. 

The  Board  caused  samples  of  water  collected  from  Jones  River 
at  Kingston  in  October,  1887,  and  in  February,  1890,  to  be  an- 
alyzed, and  these  analyses  indicate  that  the  water  has  a  rather 
dark  color,  owing  to  the  drainage  from  swamps  on  the  watershed, 
and  that  it  would  not  be  wholly  satisfactory  to  the  consumers  either 
in  taste  or  appearance.  With  regard  to  its  relation  to  the  health 
of  the  consumers  it  may  be  said  that  in  a  case  like  this  a  chemical 
analysis  of  the  water  is  not  a  trustworthy  guide.  The  experience 
of  the  Board  has  shown  that  a  running  stream  which  receives  sew- 
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age  above  the  point  where  the  water  is  taken  from  it  is  one  of  the 
most  dangerous  sources  of  water  supply ;  because,  if  the  infection 
of  any  specific  disease  is  turned  into  the  stream,  it  is  much  more 
likely  to  be  conveyed  to  the  water  works  intake  and  thence  to  the 
consumers  before  it  loses  its  virulence  than  if  the  sewage  entered 
a  large  pond  or  reservoir  where  there  is  no  current. 

The  advice  of  the  Board  is  therefore  that  the  town  of  Kingston 
should  not  use  the  water  of  Jones  River  even  temporarily  without 
first  ascertaining  by  an  actual  inspection  of  the  main  stream  and 
its  tributaries  that  no  sewage  is  turned  directly  into  them ;  and  it 
is  the  further  opinion  of  the  Board  that  this  river  is  not  an  appro- 
priate source  from  which  to  take  a  permanent  water  supply  for 
Kingston. 

Lawrence.  Application  was  received  from  the  Lawrence 
water  board  for  information  in  regard  to  the  results  of 
filtration  of  the  water  supply  of  the  city  through  the  filter 
covering  two  and  a  half  acres,  built  by  the  city  during  the 
past  year  at  an  expense  of  about  $65,000. 

The  water  supply  is  drawn  from  the  Merrimack  River 
about  nine  miles  below  the  entrance  of  the  sewage  of  the 
city  of  Lowell,  and  for  many  years  typhoid  fever  had  pre- 
vailed in  Lawrence  to  the  extent  of  three  times  the  average 
of  the  cities  of  the  State,  and  following  six  or  eight  weeks 
after  its  prevalence  in  Lowell. 

Under  date  of  December  5,  the  following  reply  was 
made:  — 

The  filter  bed  built  by  the  city  of  Lawrence  under  the  advice 
and  in  accordance  with  plans  of  the  State  Board  of  Health,  has 
been  steadily  purifying  the  water  supply  of  the  city  since  the 
twentieth  of  September. 

When  commencing  to  construct  the  filter,  you  were  advised 
that  '^  with  such  a  filter,  properly  managed,  the  experiments  of 
the  Board  of  Health  indicate  that  at  least  9d  per  cent,  of  all  of  the 
bacteria  of  the  river  water  will,  under  all  circumstances,  be  re- 
moved." During  the  past  two  months  the  filter  has  been  removing 
this  percentage  of  all  the  bacteria  of  the  river  water,  but  this  is 
not  all  that  it  accomplishes ;  it  removes  a  large  part  of  the  organic 
matter  of  the  river  water  and  converts  it  to  mineral  matter,  thus 
removing  from  the  water  the  food  material  which  the  bacteria  live 
upon,  and  the  result  is  that  the  two  per  cent,  of  bacteria  remain- 
ing after  the  water  has  passed  through  the  filter  find  their  condi- 
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tions  of  life  so  unfavorable  that  they  decrease  as  the  water  goes 
on  through  the  reservoir  and  through  the  distributing  pipes,  until 
when  the  water  reaches  the  citizens  there  remains  but  one-half  of 
one  per  cent,  of  the  number  of  bacteria  in  the  river  water,  that 
is,  ninety-nine  and  one-half  per  cent,  of  all  have  been  removed. 

The  experiments  of  the  Board  indicate  that  the  small  number 
remaining  are  of  a  few  hardy  kinds  that  are  not  known  to  be  in 
any  way  injurious  to  health,  and  leave  the  strong  probability  that 
all  disease-producing  germs  have  been  removed. 

It  will  be  a  satisfaction  to  the  citizens  to  know  that  while  for 
the  past  five  years  the  number  of  deaths  by  typhoid  fever  in 
Lawrence  has  averaged  five  for  the  month  of  October  and  five  for 
the  month  of  November,  the  number  of  deaths  this  year  has  been 
only  one  for  each  of  these  months. 

Lexington.  The  water  company  of  Lexington  applied  to 
the  Board,  February  15,  for  its  advice  relative  to  an  addi- 
tional water  supply,  and  the  Board  replied  as  follows :  — 

Boston,  Haj  4, 1893. 

The  State  Board  of  Health  has  considered  your  application, 
dated  Feb.  15,  1893,  asking  the  advice  of  the  Board  in  regard  to 
an  additional  water  supply  for  the  town  of  Lexington.  This  ap- 
plication was  accompanied  by  the  report  of  the  civil  engineer 
employed  by  you  to  make  investigations  for  an  additional  water 
supply  for  the  town,  and  by  a  plan  prepared  by  him  of  proposed 
storage  reservoirs  on  Vine  Brook,  above  your  present  works.  The 
attention  of  the  Board  was  subsequently  called  by  you  to  the 
covered  gallery,  built  last  year,  for  the  collection  of  ground  water, 
in  the  sandy  plain  near  the  village,  and  connected  with  your  pres- 
ent ground  water  sources. 

The  report  of  your  engineer  relates  to  examinations  for  a  supply 
from  entirely  new  sources  as  well  as  to  augmenting  the  present 
supply  by  additional  works  within  the  territory  from  which  it  is 
derived.  The  examinations  for  new  sources  were  made  in  a 
westerly  or  north-westerly  direction  from  the  central  village  of 
Lexington,  in  territory  from  which  the  water  drains  toward  the 
Shawsheen  River  in  the  town  of  Bedford,  and  extended  to  a  point 
nearly  two  and  a  half  miles  from  the  village.  The  larger  streams 
within  this  territory  will  not  furnish  directly  a  water  of  satisfactory 
quality  for  the  purposes  of  a  public  water  supply,  and  the  smaller 
streams  at  the  points  where  the  water  is  good  will  furnish  so  little 
water  that  it  would  be  difficult,  if  not  impracticable,  to  obtain  from 
them  a  suflScient  quantity  of  water  for  Lexington.    The  test  wells 


24  STATE  BOARD  OF  HEALTH.     [Pub.  Doc. 

driven  under  the  direction  of  your  engineer  within  this  territory 
give  unfavorable  indications  with  regard  to  obtaining  a  satisfactory 
ground  water  supply  from  it. 

The  difficulty  of  obtaining  a  supply  from  any  new  source  about 
Lexington,  as  indicated  by  the  special  examinations  of  your  en- 
gineer in  the  territory  mentioned,  and  a  general  examination  of 
other  possible  sources,  seems  to  warrant  the  adoption  of  measures 
for  developing  the  present  supply  which  might  not  be  warranted  if 
a  much  better  source  could  be  obtained  within  a  reasonable  distance 
from  the  town. 

It  is  understood  that  your  present  ground  water  sources  now 
furnish  an  ample  supply  of  water  during  all  but  the  dryer  portions 
of  the  year,  and  that  the  reservoirs  shown  upon  the  plan  submitted 
are  intended  to  supply  the  deficiency  at  such  times.  The  lower  of 
the  two  reservoirs  is  considerably  further  up  stream  and  about 
five  times  as  large  as  the  one  proposed  by  you  in  1891,  and  referred 
to  unfavorably  in  the  reply  of  the  Board  to  you  dated  April  7th  of 
that  year.  The  present  location  is  much  better  than  the  old  one, 
but,  owing  to  the  fact  that  some  of  the  land  above  the  reserv^oir  is 
cultivated,  and  that  so  small  a  quantity  of  water  will  flow  into  it 
owing  to  the  limited  size  of  its  watershed,  much  care  will  have  to 
be  taken  to  maintain  the  water  in  a  pure  and  satisfactory  condition. 
In  the  preparation  of  the  reservoir  all  soil  and  vegetable  matter 
should  be  removed  from  its  bottom  and  sides,  and  the  shallow  por- 
tions should  be  deepened.  A  liberal  amount  of  land  should  be 
acquired  around  the  reservoir  for  its  protection,  and  suitable  ar- 
rangements should  be  made  to  prevent  any  washings  from  manured 
fields  from  flowing  into  it.  It  would  also  be  necessary  to  take 
proper  measures  to  prevent  any  contamination  of  the  water  by  the 
drainage  from  a  large  stable  at  the  extreme  upper  end  of  the  water- 
shed. 

The  upper  reservoir  is  less  satisfactory  than  the  lower  one  as  it 
is  shallow  and  has  so  small  a  watershed  that  the  water  would  stand 
in  it  a  very  long  time  before  being  replaced  by  fresh  water,  and  it 
would  probably  become  unfit  for  use.  If,  therefore,  you  decide  to 
increase  the  supply  by  storing  the  surplus  water  which  flows  off 
during  the  wetter  portions  of  the  year,  the  Board  would  advise  that 
the  upper  reservoir  should  not  be  constructed  and  that  the  lower 
one  should  be  enlarged  as  much  as  possible  by  locating  the  dam 
somewhat  further  down  stream,  and  by  excavating  within  the 
reservoir.  The  suggestion  of  your  engineer  that  *'  some  additional 
ground  water  might  be  brought  into  the  pump  well  by  laying  an 
open- jointed  sub-drain  in  the  trench  with  the  leading  main  from 
the  reservoir,  making  the  joints  tight  wherever  the  pipe   passed 
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through  a  muck  deposit,"  is  one  worthy  of  adoption  should  the 
portion  of  the  pipe  trench  through  the  sandy  land  toward  the  pro- 
posed reservoir  be  found  to  furnish  water  freely. 

An  analysis  has  been  made  of  a  sample  of  water  collected  fron» 
your  covered  gallery  near  the  village,  and  the  water  is  at  the 
present  time  of  satisfactory  quality  for  domestic  use.  At  the  time 
the  sample  was  collected  water  was  not  being  drawn  from  this> 
source,  and  as  its  quality  may  change  when  there  is  a  draft  upon 
it  you  are  requested  to  notify  the  Board  when  you  begin  to  use  ity 
and  further  examinations  will  be  made. 

Lowell.  The  Water  Board  of  Lowell  applied  to  the 
State  Board  of  Health,  May  9,  for  its  advice  relative  to 
taking  an  additional  supply  of  water  from  the  valley  of 
Siver  Meadow  Brook  in  the  south  part  of  Lowell.  The 
Board  replied  as  follows:  — 

Boston,  May  15, 1893. 

Samples  of  water  from  driven  wells  in  this  locality  were  sent  in* 
to  the  Board  by  your  engineer  last  autumn,  and  the  water  was  then 
found  upon  examination  to  be  of  excellent  quality  for  all  the  pur- 
poses of  a  public  water  supply.  This  portion  of  the  city,  however,, 
is  growing  rapidly  and  in  order  to  maintain  the  purity  of  the  water,, 
if  a  supply  is  taken  from  this  source,  the  city  should  control  the 
land  for  a  considerable  distance  from  the  wells  in  all  directions  so 
as  to  prevent  the  construction  of  buildings  near  them,  and  should 
extend  the  sewerage  system  of  Lowell  so  as  to  carry  away  from 
all  buildings  the  sewage  which  might  otherwise  find  its  way  by 
filtration  through  the  ground  into  the  wells. 

The  time  within  which  you  desire  a  reply  is  too  limited  to  permit 
the  Board  to  make  suflSciently  extended  investigations  to  serve  aa 
a  basis  for  an  opinion  as  to  the  quantity  of  ground  water  which 
can  be  obtained  from  the  valley  of  this  brook  within  the  limits  of 
the  city  of  Lowell,  nor  does  such  an  opinion  seem  necessary  at  the 
present  time  when  you  are  constructing  extended  works  by  which 
the  capacity  of  this  source  can  be  tested. 

Lynn.  The  mayor  of  Lynn  applied  to  the  State  Board  of 
Health,  January  31,  for  its  advice  relative  to  taking  the 
water  of  Saugus  River  and  its  tributaries  as  an  additional 
supply  for  Lynn.     The  Board  replied  as  follows :  — 

Boston,  April  4, 1898. 
The  application  is  not  limited  to  any  particular  portion  of  the 
river  and  its  tributaries,  but  the  attention  of  the  Board  has  been 
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directed  chiefly  to  the  territory  above  Hewlett's  dam,  to  which  the 
works  of  the  Lynn  water  supply  now  extend.  Above  this  point 
on  the  river  are  situated  the  towns  of  Wakefield  and  Reading 
which  turn  so  much  polluting  matter  into  the  streams  as  to  ren- 
der the  Saugus  River  at  this  point  an  unfit  source  from  which  to 
take  a  water  supply,  unless  the  water  is  very  thoroughly  purified 
by  filtration.  This  polluting  matter  enters  Quannapowitt  Lake 
and  its  tributaries  and  the  streams  which  flow  through  Wakefield 
and  enter  the  river  below  the  town.  If  these  polluted  waters  were 
diverted,  those  coming  from  the  remaining  portions  of  the  water- 
shed would  be  comparatively  free  from  pollution  by  sewage. 

No  extended  chemical  examinations  of  these  unpolluted  sources 
have  been  made,  with  the  exception  of  Filling's  Pond,  but  judging 
from  an  examination  of  the  water  at  this  season  of  the  year  and  a 
few  previous  analyses,  it  seems  probable  that  some  of  the  water, 
particularly  that  from  the  river  itself,  would  be  unsatisfactory  for 
water  supply  purposes,  owing  to  the  large  amount  of  swampy  land 
with  which  the  water  comes  in  contact,  thereby  making  it  very  dark 
in  color  and  giving  it  a  peaty  taste  and  odor. 

Pilling's  Pond  is  an  artificial  millpond  made  by  flowing  a  meadow 
to  a  depth  of  four  feet.  The  State  Board  of  Health  in  1888  ad- 
vised the  Revere  Water  Company  that  this  pond  was  not  a  suit- 
able source  of  supply  for  the  towns  of  Revere  and  Winthrop, 
owing  principally  to  the  fact  that  if  used  as  a  principal  source  of 
supply  it  would  necessarily  be  drawn  very  low  in  the  summer. 
The  water,  however,  is  of  fairly  good  quality  considering  the  very 
small  depth  of  the  pond  and  it  might  be  used  by  Lynn  in  connec- 
tion with  present  sources  until  a  better  supply  can  be  obtained. 

There  is  a  very  large  amount  of  flat  land  adjacent  to  the  river 
between  the  dam  at  Montrose  and  Lake  Quannapowitt  and  it 
seems  not  improbable  that  a  valuable  ground  water  might  be  ob- 
tained from  this  territory,  although  there  are  no  means  of  deter- 
mining at  all  definitely  at  the  present  time  either  the  quantity  or 
the  quality  of  water  which  could  be  obtained.  -  It  is  not  improb- 
able, however,  that  the  quality  of  the  ground  water  would  be  very 
much  better  than  any  surface  water  supply  from  this  vicinity  and 
the  quantity  may  be  as  large  as  would  be  furnished  by  the  surface 
water  sources  after  excluding  the  polluted  water  of  Lake  Quanna- 
powitt and  the  brook  which  receives  the  drainage  of  Wakefield. 

The  Board  recognizes  the  gravity  of  the  present  situation  of  the 
Lynn  water  supply  and  would  therefore  advise  that  provision 
should  be  made  at  the  earliest  possible  moment  for  supplementing 
the  present  supply  with  the  best  water  which  can  be  obtained  from 
the  Saugus  River  watershed. 
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In  order  to  provide  any  other  than  a  very  temporary  supply  of 
potable  water  from  the  Saugus  River  valley,  it  is  obvious  that  the 
works  must  necessarily  be  somewhat  complex  and  expensive,  and 
it  is  iDot  at  all  probable  that  a  fairly  permanent  supply  can  be 
obtained  from  this  source.  The  Board  would  therefore  advise  that 
before  entering  upon  any  extensive  works  in  this  valley,  the  whole 
subject  of  a  further  water  supply  from  this  valley,  and  from  other 
available  sources,  should  be  carefully  investigated.  One  of  the 
first  points  in  such  an  investigation  should  be  the  examination  of 
the  territory  near  the  river,  between  the  Montrose  dam  and  the 
next  dam  above,  with  a  view  to  obtaining  a  ground  water  supply. 

The  Board  has  now  before  it  an  application  from  the  Wakefield 
Water  Company,  asking  for  advice  with  regard  to  an  additional 
water  supply  for  the  towns  of  Wakefield  and  Stoneham,  to  be  taken 
from  filtering  galleries,  wells  or  basins,  upon  the  banks  of  that 
portion  of  the  Saugus  River  lying  within  the  limits  of  the  town  of 
Wakefield,  above  the  milldam  at  Montrose.  The  Board  is  aware 
of  the  fact  that  the  Wakefield  Water  Company  has  practically 
reached  the  limit  of  capacity  of  Crystal  Lake,  its  present  source  of 
supply,  and  that  the  other  source,  viz.,  Lake  Quannapowitt,  from 
which  the  water  company  was  originally  authorized  to  take  a 
further  supply,  is  not  of  suitable  quality  for  water  supply  purposes. 
It  is  therefore  of  opinion  that  the  right  of  Lynn  to  take  water  from 
the  Saugus  River  valley  should  be  so  far  restricted  as  not  to  pre- 
vent these  towns  from  receiving  from  it  as  much  water  as  may  be 
needed  for  their  supply,  in  addition  to  the  quantity  of  water  which 
Crystal  Lake  will  furnish. 

It  is  not  feasible  from  present  information  as  to  the  amount  of 
water  which  can  be  obtained  from  different  places,  to  make  a  fair 
apportionment  of  the  territory  between  Lynn  and  these  towns ;  the 
Board  therefore  concludes  that  Lynn  should  be  granted  the  right 
to  take  water  from  any  portion  of  the  valley  of  Saugus  River,  not 
already  granted  by  the  Legislature  to  some  other  town  or  water 
company ;  but  that  this  grant  should  be  subject  to  the  restriction 
that  the  towns  of  Wakefield  or  Stoneham,  or  the  company  sup- 
plying them  with  water,  may  be  authorized  to  take  water  from  this 
valley  at  any  point  within  the  limits  of  the  town  of  Wakefield,  and 
to  the  extent  required  to  furnish  in  connection  with  Crystal  Lake, 
the  present  source  of  supply,  a  supply  of  water  for  these  towns. 
In  connection  with  this  restriction  it  would,  of  course,  be  fair  to 
provide  that  whenever  these  towns,  or  the  company  supplying  them 
with  water,  take  a  supply  from  any  source  in  the  Saugus  valley 
other  than  those  already  controlled  by  the  Wakefield  Water  Com- 
pany, they  should  be  required  to  pay  to  the  city  of  Lynn  a  fair 
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proportion  of  the  amount  already  paid  by  said  city  for  water  or* 
land  damages,  and  if  they  should  utilize  to  any  extent  works- 
previously  constructed  by  the  city,  they  should  pay  a  fair  propor- 
tion of  the  cost  of  these  works. 

The  Board  thinks  it  proper  that  a  further  application  shoald  be 
made  for  its  advice  when  you  can  define  more  specifically  the 
sources  from  which  it  is  proposed  to  take  water,  and  have  by 
preliminary  surveys  and  estimates  obtained  the  facts  which  are 
essential  as  a  basis  for  a  proper  decision  as  to  the  relative  merits 
of  different  sources.  With  this  further  application  in  view  the 
Board  will  co-operate  with  you  by  causing  analyses  to  be  made*, 
from  time  to  time  of  the  water  of  the  various  proposed  sources. 

Marlborough.  The  water  commissioners  of  Marlborough 
applied  to  the  Board,  April  28,  for  its  advice  relative  to  con- 
structing a  new  storage  reservoir  upon  Millham  Brook  in 
the  west  part  of  Marlborough,  near  the  Northborough  line, 
and  as  to  the  probable  quality  of  the  water  of  such  proposed 
reservoir  at  the  end  of  eight  years.  The  Board  replied  as- 
follows :  — 

Boston,  July  8, 1893. 
The  State  Board  of  Health  has  carefully  considered  your  appli- 
cation, dated  April  28,  1893,  with  regard  to  constructing  at  once 
the  proposed  storage  reservoir  on  Millham  Brook  in  the  vicinity  of 
your  new  pumping  station.     You  state  in  your  application  that  yoa 
will  not  need  the  proposed  reservoir  for  eight  years  or  so  and  that, 
you  wish  for  the  advice  of  this  Board  as  to  the  probability  of  ob- 
taining good  water  from  this  proposed  reservoir  after  being  flowed 
fifteen  feet  deep  for  a  period  of  eight  years  without  removing  any 
of  the  soil. 

A  careful  examination  of  the  experience  with  all  artificial  reser- 
voirs in  the  State  which  have  not  had  the  soil  removed  from  theuL 
and  which  in  other  respects  are  at  all  comparable  with  the  proposed' 
Marlborough  reservoir  shows  that  in  some  of  these  reservoirs  the* 
water  was  bad  every  summer,  not  only  for  eight  years  after  they 
were  first  filled  but  for  a  much  longer  time.  A  typical  instance  of 
a  reservoir  of  this  kind  is  the  Ludlow  reservoir  at  Springfield  which, 
was  used  for  sixteen  years  and  then  practically  abandoned  for  a. 
new  source  of  supply.  Other  reservoirs  somewhat  similar  in  char- 
acter, although  they  may  have  furnished  bad  water  when  first  filled,, 
soon  began  to  improve,  and  at  the  end  of  five,  eight  or  ten  yeara 
furnished  very  much  better  water  than  at  first.  The  chances  as  to* 
whether  the  water  will  continue  to  be  bad  or  will  improve  mate>- 
rially  at  the  end  of  eight  years  seem  to  be  about  even. 
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The  experience  with  reservoirs  which  have  been  thoroughly 
-cleaned  by  the  removal  of  all  soil  and  vegetable  matter  from  their 
bottom  and  sides,  although  somewhat  limited,  has  been  extremely 
favorable,  and  from  our  present  knowledge  we  should  expect  much 
better  results  from  a  thoroughly  cleaned  reservoir  soon  after  it  is 
filled  than  from  an  uncleaned  reservoir  eight  years  after  filling. 

The  Board  recognizes  that  the  element  of  cost  is  an  important 
factor  in  determining  what  should  be  done,  and  as  the  Board  has 
no  accurate  information  upon  this  point  it  cannot  now  advise  defi- 
nitely as  to  what  should  be  done  in  the  matter  of  constructing  the 
reservoir.  It  would  advise,  however,  that  a  careful  estimate  of 
the  cost  of  thoroughly  cleaning  the  reservoir  should  be  made  and 
would  urge  the  adoption  of  this  method  of  construction  if  it  is 
found  to  be  practicable. 

Maldex,  Medford  and  Melrose.  For  many  years  these 
suburban  places  have  used  Spot  Pond  as  a  source  of  water 
supply,  but  owing  to  the  rapid  growth  of  these  communities 
the  pond  was  drawn  to  a  much  lower  level  at  the  end  of  1892 
than  ever  before.  The  city  of  Maiden  has  for  several  years 
taken  a  supplementary  supply  from  driven  wells  in  the  east- 
erly portion  of  the  city,  but  the  other  two  places  were  at  this 
time  wholly  dependent  upon  Spot  Pond  for  water.  On  Feb. 
9,  1893,  the  Board  addressed  the  following  conununication 
to  each  of  the  water  boards  of  Maiden,  Medford  and  Melrose, 
with  reference  to  the  present  condition  of  Spot  Pond,  and  its 
<5apacity  for  future  supply :  — 

BoaTON,  Feb.  9, 1893. 

The  State  Board  of  Health  has  on  several  occasions  since  the 
apring  of  1889  considered  applications  for  advice  with  regard  to 
additional  water  supplies  for  the  three  communities  now  using  the 
water  of  Spot  Fond,  and  in  considering  these  questions  the  en- 
gineers of  the  Board  have  given  much  attention  to  the  probable 
yield  and  capacity  of  this  source. 

Some  figures  with  regard  to  the  probable  condition  of  this  pond 
during  the  year  1893  have  been  made  in  connection  with  a  recent 
application  for  advice  from  the  city  of  Medford,  and  as  they  may 
be  of  interest  at  the  present  time  they  are  sent  to  each  of  you. 
The  data  used  are  the  area  of  the  watershed  as  determined  by  a 
reconnaissance  upon  the  ground,  sketching  the  watershed  upon  the 
new  State  map  and  measuring  from  it,  the  storage  capacity  of  the 
pond  as  determined  from  the  best  maps  now  in  existence ;  also 
the  records  of  the  yield  of  the  watershed  of  Sudbury  River,  which 
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has  been  carefully  measured  by  the  city  of  Boston  for  the  past 
eighteen  years. 

It  has  been  found  by  applying  these  data  for  many  years  in  the 
past  that  the  results  agree  well  with  the  known  facts^  and  they  may 
therefore  be  looked  upon  as  the  best  basis  at  present  available  for 
determining  what  may  be  expected  in  the  future. 

We  are  informed  that  the  pond  on  the  first  day  of  February  was 
143.5  inches  below  high  water  mark,  which,  by  the  tables  showing 
the  storage  capacity  of  the  pond,  would  indicate  a  draught  from 
high  water  mark  down  to  this  level  of  731,000,000  gallons. 

The  following  table  shows  for  purposes  of  comparison  the  stor* 
age  in  the  pond  from  high  water  mark  down  to  the  present  and 
lower  levels. 


Distance  below  High  Water  Mark,  in  Feet 


11  ft  Hi  faL, 
15  ft,    . 

20  ft.,     . 
Bottom  of  pond, 


storage  in  Gallons. 


731,000,000 

887,000.000 

962,000,000 

1,077,000,000 


In  making  estimates  as  to  what  changes  may  be  expected  during* 
the  remaining  months  of  1893,  the  average  consumption  is  assumed 
to  be  600,000  gallons  per  day  for  each  community,  making  a  total 
of  1,800,000  gallons  per  day.  It  is  found  convenient  to  divide 
this  period  into  two  parts,  including  in  the  first  one  the  months  of 
February,  March,  April  and  May,  during  most  or  all  of  which  the 
pond  may  be  expected  to  rise,  and  in  the  second  the  remaining 
months,  when  under  ordinary  conditions  it  would  lower,  it  is  ob- 
vious that  it  is  impossible  to  predict  exactly  what  will  happen,  but 
it  is  fair  to  assume  that  the  amount  of  water  collected  will  not  be 
greater  than  the  maximum  amount  during  the  past  eighteen  years, 
nor  will  it  be  less  than  the  minimum  amount.  It  is  more  likely  to 
be  the  average  amount  than  any  other  quantity,  but  in  as  imp>or- 
taut  a  problem  as  the  water  supply  of  upwards  of  50,000  people^ 
provision  should  be  made  to  avoid  a  water  famine  under  the  most 
unfavorable  conditions  which  can  exist. 

It  is  found  that  on  June  first  the  deficiency  of  storage  (meaning 
by  this  term  the  amount  of  water  that  would  be  required  to  fill  the 
pond  to  high  water  mark)  under  maximum,  average  and  minimum 
conditions  of  yield  from  February  1  to  June  1,  1893,  would  be  aa 
follows :  — 
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CondiHon  of  Spat  Pond  on  June  1, 1893. 

Deficiency  of  Storage. 

MftxiTnum  yield, 331,000,000  gallona 

Average  yield, 490,000,000      •• 

Hinimiim  yield, 677,000,000      " 

For  the  period  from  June  1,  1893,  to  Jan.  1,  1894,  it  is  obvious 
that  regardless  of  the  height  of  the  pond  on  June  1  the  amount  of 
water  going  into  the  pond  may  be  either  the  maximum,  average  or 
minimum,  and  the  following  tables  show  the  deficiency  in  storage 
on  Jan.  1,  1894,  under  all  of  these  conditions. 

(1)  Assuming  the  deficiency  in  storage  on  June  1  to  be  331,- 
000,000  gallons,  the  deficiency  on  Jan.  1,  1894,  will  be  as  fol- 
lows:— 

Beflclency. 

Maximum  yield, 172,000,000  gallons. 

Ayeiage  yield, 585,000,000       " 

Minimum  yield, 692,000.000      " 

(2)  Assuming  the  deficiency  in  storage  on  June  1  to  be  490,000^- 
000  gallons,  the  deficiency  on  Jan.  1,  1894,  will  be  as  follows :  — 

Deflclency. 

Maximum  yield, 319,000,000  gallons. 

Average  yield, 685,000,000      " 

Minimum  yield, 841,000,000      '' 

(3)  Assuming  the  deficiency  in  storage  on  June  1  to  be  677,- 
000,000  gallons,  the  deficiency  on  Jan.  1,  1894,  will  be  as  fol- 
lows :  — 

Deficiency. 

Maximum  yield, 494,000,000  gallons. 

Average  yield, 863,000,000      " 

Minimum  yield, 1,018,000,000       " 

The  most  important  conclusions  to  be  drawn  from  the  tables  are, 
first,  that  with  the  average  conditions  from  now  until  next  January 
the  pond  will  be  at  substantially  the  same  level  as  at  the  same  time 
this  year ;  second,  that  if  either  one  of  the  periods  into  which  the 
year  has  been  divided  furnishes  the  average  quantity  of  water  and 
the  other  furnishes  the  minimum  quantity,  the  water  in  the  pond 
will  be  reduced  to  the  15-foot  mark ;  and  lastly,  that  if  the  yield 
for  both  of  these  periods  should  be  a  minimum  the  pond  will  be 
drawn  practically  to  the  bottom. 

All  of  these  estimates  are  based  upon  an  average  draught  of 
l,dOO,000  gallons  daily  from  the  pond,  but  it  is  doubtful  if  the 
draught  can  be  kept  as  low  as  this  without  supplementary  supplies 
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to  furnish  a  portion  of  the  water  used.  It  is  probable  that  a  larger 
draught  than  the  amount  above  given  has  had  an  influence  in  lower- 
ing the  pond  during  the  past  year.  The  net  loss  of  storage  from 
the  pond  from  Feb.  1,  1892,  to  Feb.  1,  1893,  was  338,000,000  gal- 
lons. The  same  loss  in  the  next  twelve  months  would  take  all  of 
the  water  out  of  the  pond. 

Not  only  should  the  conditions  for  the  remainder  of  the  present 
year  be  considered  but  the  conditions  which  will  exist  subsequently 
until  the  time  when  a  permanent  supply  is  introduced  should  be 
considered,  and  it  is  therefore  of  the  utmost  importance  that  meas- 
ures should  be  taken  immediately,  by  providing  supplementary 
sources  or  by  making  arrangements  with  some  community  which 
has  water  to  spare,  to  get  as  much  water  into  the  pond  as  possible, 
or,  what  is  the  same  thing,  to  take  less  water  from  the  pond  so  as 
to  have  a  larger  supply  in  the  pond  to  provide  for  the  future  con- 
tingencies, such  as  a  rapidly  growing  population  and  supplementary 
supplies  which  may  become  unsuitable  for  domestic  use.  Every 
million  gallons  of  water  which  can  be  added  to  the  pond  has  a  dis- 
tinct value  to  the  three  communities  now  depending  upon  this 
source,  which  is  much  in  excess  of  the  mere  cost  of  pumping  the 
water,  and  it  would  be  a  benefit  to  all  of  the  communities  if  a  fixed 
price  were  made  per  million  gallons  of  water,  which  should  be 
charged  to  each  community  drawing  more  than  a  certain  defined 
quantity  and  credited  to  any  community  taking  from  the  pond  less 
than  this  amount.  This  would  offer  an  incentive  for  individual 
action  on  the  part  of  those  places  which  now  have  or  can  provide 
supplementary  sources  of  supply  and  would  not  be  unjust  to  any 
town  that  may  be  unable  to  obtain  a  supplementary  source,  as  this 
town  would  only  pay  to  the  others  what  it  would  save  in  the  cost 
of  constructing  and  maintaining  a  pumping  plant. 

Medford.  The  water  commissioners  of  Medford  applied 
to  the  Board,  Jan.  4,  1893,  for  its  advice  relative  to  taking 
an  additional  water  supply  from  wells  west  of  Forest  Street 
in  Medford.     The  Board  replied  as  follows :  — 

Boston,  Feb.  2, 1893. 

The  state  Board  of  Health  has  considered  your  application  in 
regard  to  an  additional  water  supply  to  be  taken  from  driven  wells 
in  the  flat  open  land  west  of  Forest  Street,  where  test  wells  have 
alrjcady  been  driven. 

The  Board  has  caused  analyses  to  be  made  of  samples  of  water 
taken  from  these  wells  and  finds  that  it  is  a  water  which  has  at 
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some  time  been  polluted,  but  which  has  been  very  thoroughly 
purified  by  its  passage  through  the  ground.  The  water  as  it  now 
comes  from  the  ground  would  be  entirely  satisfactory  to  the  con- 
sumers as  a  drinking  water,  but  it  is  much  harder  than  the  Spot 
Pond  water  and  therefore  would  not  be  as  good  for  washing  pur- 
poses and  for  use  in  boilers.  The  hardness  of  the  water,  however, 
is  not  as  great  as  that  of  several  water  supplies  which  are  now  in 
use  in  this  State,  and  if  the  quality  of  the  water  remains  as  at 
present  it  would  be  satisfactory  for  the  purposes  of  a  public  water 
supply.  The  situation  of  the  test  wells,  however,  is  such  that  it 
seems  probable  that  when  a  continuous  draft  is  made  upon  the 
ground  the  water  will  be  drawn  in  part  from  the  territory  south  of 
the  wells  where  there  is  a  large  population,  and  the  water  will 
become  harder  than  it  is  at  present,  and  it  may  be  less  perfectly 
purified ;  moreover,  even  if  a  large  tract  of  land  is  purchased  and 
controlled  by  the  city  for  the  protection  of  a  water  supply  at  this 
place  the  growth  of  the  city  will  undoubtedly  cause  a  material 
increase  of  {>opulation  upon  adjacent  land,  which  contributes  a 
portion  of  the  water  to  supply  the  wells,  and  the  character  of  the 
water  may  be  further  unfavorably  affected  in  this  way. 

The  Board  would  not  therefore  advise  the  construction  of  works 
for  taking  a  permanent  supply  from  this  place,  but  in  view  of  the 
necessity  for  supplementing  the  supply  from  Spot  Pond,  advises 
that  this  is  a  suitable  source  from  which  to  obtain  a  temporary 
supply.  The  quantity  of  water  to  be  obtained  from  this  source  is> 
with  the  present  information,  somewhat  indefinite.  It  seems  very 
doubtful  if  the  source  can  be  depended  upon  to  furnish  more  than 
from  250,000  to  400,000  gallons  per  day  continuously,  though  it  is 
not  impossible  that  during  the  wetter  portions  of  the  year  a  con- 
siderably larger  quantity  of  water  might  be  obtained. 

In  addition  to  the  driven  wells  there  is  another  source  from 
which  a  temporary  supply  might  be  obtained,  viz/,  the  stream 
which  flows  Just  west  of  Forest  Street,  below  where  Elm  Street 
joins  it.  Above  this  point  there  are  very  few  houses  or  other  sources 
of  pollution  upon  the  watershed,  the  area  of  which  as  measured 
from  the  State  map  is  0.58  square  mile.  An  analysis  of  the  water 
recently  made  shows  that  it  is  at  the  present  time  of  suitable 
quality  for  water  supply  purposes,  except  that  before  being  pumped 
it  should  be  stored  in  a  reservoir  sufficiently  large  to  permit  the 
floating  particles  which  are  almost  always  found  in  brook  waters 
to  settle.  During  several  months  of  an  ordinary  year  the  flow  of 
this  stream  should  be  as  high  as  600,000  gallons  per  day,  and  dur- 
ing two  months  or  more  of  such  a  year  it  should  range  from  one  to 
two  million  gallons  per  day.     This  source  has  the  advantage  that 
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it  is  very  near  the  main  pipe  which  leads  to  the  town,  and  the 
water  would  have  to  be  lifted  to  a  less  height  to  force  it  into  the 
main.  It  is  obvious,  however,  that  in  order  to  make  it  of  value  in 
the  present  emergency  the  works  should  be  constructed  at  once  so 
as  to  take  advantage  of  the  larger  amount  of  water  which  flows  in 
the  spring  of  the  year,  as  the  amount  of  water  to  be  obtained  from 
this  source  in  the  summer  would  be  comparatively  small.  The 
water  would  also  be  soft  and  suitable  for  laundry  and  boiler  pur- 
poses, though  not  as  palatable  as  that  taken  from  the  ground. 

The  choice  of  these  two  sources  or  whether  both  of  them  shall 
be  utilized  is  a  question  which  is  left  for  your  decision.  The 
Board,  however,  considers  it  imperative  that  a  supplementary  sup- 
ply or  supplies  should  be  provided  at  once  by  the  communities  using 
the  water  of  Spot  Pond  in  order  to  avoid  a  water  famine  during  the 
next  autumn  and  winter. 

The  results  of  certain  computations  with  regard  to  the  future 
•condition  of  Spot  Pond  and  a  suggestion  as  to  measures  which 
should  be  taken  to  prevent  the  supply  from  beiog  exhausted  are 
embodied  in  another  communication,  a  copy  of  which  will  be  sent 
to  you  and  to  the  water  boards  of  Maiden  and  Melrose.  (See 
pages  28-31,  preceding.) 

Melrose.  The  committee  on  additional  water  supply  of 
Melrose  applied  to  the  State  Board  of  Health,  Dec.  5,  1892, 
for  its  advice  as  to  the  propriety  of  taking,  either  alone  or  in 
conjunction  with  Maiden  and  Medford,  the  waters  of  Great 
Pond,  in  North  Andover,  together  with  Mosquito  Brook  and 
Boston  Brook  in  the  same  town,  as  additional  sources  of  water 
supply.     The  Board  replied  to  this  application  as  follows :  — 

Boston,  Jan.  16, 1893. 

In  your  application  of  Dec.  5,  1892,  giving  notice  of  your 
intention  to  provide  an  additional  water  supply  for  the  town  of 
Melrose  and  asking  the  advice  of  the  Board  in  regard  thereto,  you 
make  the  following  statement:  *^The  plan  proposed  is,  alone  or 
in  conjunction  with  the  cities  of  Maiden  and  Medford  or  either  of 
them,  to  obtain  authority  from  the  Legislature  to  take  and  hold 
the  waters  of  Great  Pond  in  North  Andover,  and  to  acquire  by 
purchase  or  otherwise  the  waters  of  Mosquito  Brook  and  Boston 
Brook  in  said  town  of  North  Andover." 

The  State  Board  of  Health  has  up  to  the  present  time  received 
no  applications  relating  to  these  sources  from  the  cities  of  Maiden 
or  Medford  and  therefore  considers  only  the  first  alternative,  viz., 
a  supply  for  Melrose  alone. 


No.  34.]     ADVICE  TO  CITIES  AND  TOWNS.  35 

Great  Pond  only  has  been  investigated  by  the  Board  up  to  the 
present  time,  and  it  is  found  from  this  investigation  and  analyses 
of  the  water  of  the  pond  that  the  water  is  of  satisfactory  quality 
for  all  the  purposes  of  a  public  water  supply  and  that  the  quantity 
of  water  which  the  pond  will  furnish  will  be  more  than  sufficient 
for  the  probable  population  of  Melroee  for  the  next  thirty  years. 

Owing  to  the  fact  that  the  pond  is  situated  wholly  within  the 
town  of  North  Andover  the  Board  is  of  opinion  that  this  town  has 
a  primary  right  to  so  much  of  the  water  of  the  pond  as  is  necessary 
to  supply  its  inhabitants  with  water. 

With  regard  to  the  appropriateness  of  this  source  for  a  water 
supply  for  the  town  of  Melrose,  the  Board  thinks  it  highly  prob- 
able that  a  sufficient  supply  of  good  water  for  the  town  can  be 
obtained  at  a  less  distance  than  sixteen  miles  and  with  less  ex- 
pense ;  and  for  this  reason,  and  having  regard  for  the  interests  of 
other  communities  much  nearer  Great  Pond,  which  may  in  the 
future  need  its  waters  as  a  source  of  water  supply,  the  Board  ad- 
vises the  town  to  make  examinations  of  nearer  sources,  and  until 
such  examinations  are  made  is  unable  to  advise  that  this  is  the 
most  appropriate  source  of  supply  for  the  town  of  Melrose. 

The  Board  will  investigate  the  other  sources  mentioned  in  your 
application  and  advise  you  with  regard  to  them  as  soon  as  prac* 
ticable. 

On  February  3  the  Board  transmitted  the  following  further 
communication  upon  the  same  subject  to  the  coimnittee  on 
additional  water  supply  of  Melrose  :  — 

Boston,  Feb.  8, 1893. 

The  State  Board  of  Health  in  its  communication  of  Jan.  16, 
1893,  to  yoar  committee,  relating  to  an  additional  supply  of  water 
for  your  town  from  Great  Pond  in  North  Andover,  stated  that 
further  advice  would  be  given  with  regard  to  the  other  sources 
mentioned  in  your  application,  viz.,  Mosquito  and  Boston  brooks. 
The  application  apparently  relates  to  so  much  of  these  brooks 
as  lies  within  the  limits  of  the  town  of  North  Andover.     The  areas 
of  the  watersheds  of  these  brooks  above  the  points  where  they 
cross  the  town  boundary,  as  measured  from  the  topographical  map 
of  the  State,  are  respectively  7.51  and  6.36  square  miles,  and  their 
distances  at  these  points  in  an  air  line  from  Melrose  are  14^  and 
12^  miles.     These  watersheds  have  been  examined  upon  the  map 
above  mentioned,  and  upon  the  ground  by  one  of  the  engineers  of 
the  Board,  and  they  were  not  found  to  have  any  special  character- 
istics which  would  make  them  as  a  whole  particularly  appropriate 
as  sources  of  supply  for  Melrose  or  as  desirable  as  other  water- 
sheds nearer  the  town. 
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It  has  been  learned  from  statements  made  by  a  member  of  your 
committee  and  by  your  engineer,  that  it  is  proposed  to  utilize  only 
so  much  of  the  upper  end  of  these  brooks  as  can  be  diverted  by 
gravity  through  a  ditch  or  canal  along  the  side  hill  into  Great  Pond. 
In  this  case  the  area  of  watershed  to  be  utilized  is,  according  to 
the  map  above  mentioned,  in  the  neighborhood  of  three  square  miles 
instead  of  the  total  of  about  fourteen  square  miles  above  the  town 
boundary.  The  three  square  miles  are  sparsely  populated  so  that 
there  is  little  danger  that  the  water  will  be  polluted,  but  there  are 
swampy  areas  which  give  the  water  of  the  larger  (Boston)  brook  a 
high  color  which  would  be  objectionable  if  the  water  was  to  be 
taken  directly  into  the  pipes.  If,  however,  this  water  is  diverted 
as  proposed  into  Great  Pond  its  color  will  nearly  disappear  by  long 
storage  and  by  mingling  with  the  nearly  colorless  water  naturally 
in  the  pond. 

The  Board  is  of  opinion  that  the  town  should  not  seek  to  acquire 
rights  to  the  whole  of  Mosquito  and  Boston  brooks  within  the 
town  of  North  Andover,  as  the  portions  not  available  for  diversion 
into  Great  Pond  may  be  needed  in  connection  with  water  supplies 
from  the  Ipswich  Valley  for  other  places  in  the  eastern  part  of  the 
State.  If,  however,  the  town  of  Melrose  should  be  granted  the 
right  to  take  the  waters  of  Great  Pond  it  is  appropriate  that  it 
should  also  be  granted  those  portions  of  Mosquito  and  Boston 
brooks  which  can  be  diverted  by  gravity  into  it. 

The  water  board  of  Melrose  applied  to  the  State  Board 
of  Health  May  16,  for  its  advice  as  to  taking  an  additional 
water  supply  from  wells  to  be  driven  in  the  meadow  upon 
the  north  side  of  Ell  Pond,  and  on  July  5,  the  committee 
on  additional  water  supply  applied  for  advice  with  reference 
to  taking  water  from  other  sources.  The  Board  replied 
to  these  applications  as  follows :  — 

Boston,  Aug.  10, 1S93. 

The  State  Board  of  Health  received  from  the  Melrose  water 
board  oi^  May  16,  1893,  an  application  for  its  advice  relative  to  a 
proposed  additional  system  of  water  supply  to  be  taken  from  the 
ground  on  the  north  side  of  Ell  Pond.  On  July  5  a  second  appli- 
cation was  received  from  the  committee  on  additional  water  supply 
for  advice  relative  to  taking  a  supply  from  Martin's  Meadows,  so- 
called,  from  Bennett's  Pond  or  Meadows  and  from  the  Wakefield 
Water  Company.  On  July  5  the  last  mentioned  application  was 
amended  by  adding  Long  Pond  and  its  immediate  vicinity  to  the 
sources  before  mentioned. 
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Before  considering  these  sources  in  detail  it  will  be  well  to  refer 
in  a  general  way  to  the  capacity  of  your  present  source  of  supply, 
Spot  Pond,  and  to  the  needs  of  your  town. 

Spot  Pond  during  a  year  of  average  rainfall  will  supply  to  each  of 
the  communities  taking  water  from  it  about  630,000  gallons  of  water 
per  day ;  and,  during  a  series  of  dry  years,  such  as  have  occurred 
in  the  past,  will  furnish  about  500,000  gallons  per  day  to  each 
community  without  falling  to  a  lower  level  than  it  reached  in  Feb- 
ruary, 1893.  With  the  pond  at  its  present  low  level  it  cannot  be 
depended  upon  to  furnish  even  500,000  gallons  per  day  to  each 
community  if  the  next  two  or  three  years  should  be  unusually  dry. 
The  consumption  of  water  in  Melrose  by  the  meter  records  from 
September,  1892,  to  June,  1893,  inclusive,  averaged  565,000  gal- 
lons per  day,  which  is  65,000  gallons  in  excess  of  the  safe  capacity 
of  the  pond  for  a  series  of  dry  years,  even  assuming  it  to  have 
been  filled  in  the  spring,  and  still  more  in  excess  of  its  capacity  in 
its  present  low  condition.  It  is  obvious,  therefore,  that  to  meet 
even  the  requirements  of  the  present  and  the  very  near  future  it 
will  be  necessary  to  provide  an  additional  source  of  supply  or  to 
decrease  the  consumption  of  water. 

The  consumption  of  water  in  Melrose  at  the  present  time  is  about 
57  gallons  per  inhabitant,  which  is  more  than  the  amount  used  by 
most  towns  similarly  situated.  As  instances  of  low  consumption 
per  inhabitant  may  be  mentioned  :  Brockton,  25  gallons  ;  Middle- 
borough,  26  gallons ;  North  Attleborough,  26  gallons,  and  Fall 
Kiver,  26  gallons.  On  the  other  hand,  Beverly  uses  70  gallons, 
Braintree  62  gallons,  and  Brookline  80  gallons.  During  the  pe- 
riod from  September,  1892,  to  June,  1893,  inclusive.  Maiden  used 
50  gallons  and  Medford  48  gallons  per  inhabitant. 

It  seems  highly  desirable  that  Melrose  should  take  energetic 
measures  to  restrict  waste,  but  in  view  of  the  fact  that  the  present 
demands  upon  Spot  Pond  so  largely  exceed  its  capacity,  and  hav- 
ing regard  to  the  present  low  state  of  the  pond  and  the  greater 
demand  for  water  from  year  to  year,  due  to  the  increasing  popu- 
lation, the  Board  is  of  opinion  that  a  further  supply  should  be 
obtained  without  delay. 

The  great  expense  to  which  Melrose  would  be  subjected  if  it 
should  attempt  to  obtain  by  itself  a  permanent  supply  of  water, 
which  can  only  be  had  from  a  comparatively  great  distance,  the 
fact  that  the  Legislature  has  already  directed  that  investigations 
be  made  with  a  view  to  obtaining  a  water  supply  for  Boston  and 
its  suburbs,  and  the  need  of  an  immediate  addition  to  the  present 
supply,  all  lead  to  the  conclusion  that  it  is  wise  to  obtain  at  a 
comparatively  small  cost  a  temporary  supply  which  will  meet  the 
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reqairements  for  the  next  five  or  six  years.  Should  any  of  the 
sources  mentioned  by  your  committee  be  adopted,  they  should  be 
considered  merely  as  temporary  sources  which  will  have  to  be 
abandoned  whenever  the  quality  of  the  water  becomes  impaired  by 
the  growth  of  population  upon  the  territory  from  which  the  supply 
is  derived  or  by  other  causes,  or  whenever  a  more  satisfactory  and 
permanent  water  supply  is  introduced. 

Of  the  sources  mentioned  by  the  committee  it  may  be  said  that 
the  water  of  Bennett's  Pond,  if  taken  directly  from  the  pond,  would 
not  be  of  suitable  quality  on  account  of  the  large  population  near 
the  upper  portion  of  the  brook  which  feeds  it.  With  regard  to  a 
ground  water  from  the  vicinity  of  Bennett's  Pond,  no  definite 
answer  can  be  given  because  no  investigations  of  the  ground  at 
this  place  have  been  made.  It  is  not  improbable  that  the  quality 
of  the  water  would  be  good,  but,  judging  from  the  surface  indica- 
tions, this  source  could  hardly  be  expected  to  furnish  a  sufficient 
quantity  of  water  to  make  it  a  desirable  one  to  adopt  at  the  present 
time. 

Long  Pond  by  itself  would  not  furnish  a  sufficient  quantity  of 
water  to  warrant  taking  an  additional  supply  from  it,  and  if  a 
stream  which  Howe  near  its  westerly  end  should  be  diverted  into  it 
the  quality  of  the  water  would  not  be  satisfactory  if  taken  directly 
from  the  pond.  With  regard  to  obtaining  a  ground  water  supply 
in  this  vicinity  no  investigations  of  the  ground  have  been  made,  but, 
judging  from  surface  appearances,  the  conditions  are  even  less 
favorable  than  in  the  vicinity  of  Bennett's  Pond. 

The  Wakefield  Water  Company  now  takes  its  supply  from 
Crystal  Lake,  and  the  water  is  of  suitable  quality  for  the  purposes 
of  a  public  water  supply.  The  quantity  of  water  which  this  source 
will  furnish  in  a  series  of  dry  years  is  but  little,  if  any,  in  excess 
of  the  present  requirements  of  the  two  towns  now  supplied  by  the 
Wakefield  Water  Company,  and  the  only  water  which  this  company 
has  to  spare  is  the  excess,  during  years  of  average  or  high  rainfall, 
above  the  requirements  of  the  two  towns  now  supplied.  The 
Board,  therefore,  does  not  advise  the  town  of  Melrose  to  depend 
upon  the  Wakefield  Water  Company  for  its  additional  supply.  On 
the  other  hand,  it  is  extremely  important  as  a  precaution  against  a 
water  famine  in  the  next  few  years  that  Spot  Pond  should  be  again 
filled,  a  result  which  can  be  accomplished  if  each  of  the  communi- 
ties now  drawing  water  from  the  pond  should  obtain  the  greater 
part  of  its  supply  from  ^ome  other  source  or  sources ;  and  it  may 
therefore  be  desirable,  if  suitable  arrangements  can  be  made,  to 
have  the  Wakefield  Water  Company  supply  as  much  water  to  Mel- 
rose as  the  capacity  of  its  source  will  permit. 
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A  sample  of  water  collected  from  Wkittier's  wells  in  Martin's 
Meadows,  so-called,  on  July  20  showed  that  the  water  obtained 
from  the  ground  at  this  place  was  of  satisfactory  quality  for  the 
purposes  of  a  public  water  supply,  and  from  an  examination  of 
the  premises  it  seems  probable  that  this  water  will  remain  of  suit- 
able quality  for  use,  at  least  until  there  is  a  further  increase  of 
population  in  this  vicinity.  The  quantity  of  water  which  this 
source  will  furnish  is  apparently  limited,  and  it  is  extremely 
doubtful  if  it  alone  will  furnish  a  sufficient  additional  water  sup- 
ply for  the  town.  Samples  were  also  received  from  wells  in  the 
meadow  above  the  one  already  mentioned,  but  the  water  from 
these  wells  was  not  of  satisfactory  quality  to  pump  directly  into 
the  pipes. 

The  territory  just  north  of  £11  Pond  has  been  tested  in  several 
places.  The  first  test  was  made  in  January,  1893,  by  pumping 
from  a  line  of  driven  weUs  vei*y  near  the  pond.  This  test  lasted 
for  fifteen  days  and  the  average  quantity  of  water  pumped  is  said 
to  have  been  about  461,000  gallons  per  day.  Three  samples  of 
water  from  these  wells  were  sent  to  this  Board  for  analysis.  One 
was  taken  at  the  beginning  of  the  test,  another  a  week  later,  and 
the  third  at  the  end  of  the  test.  All  of  these  samples  were  clear 
and  colorless  and  free  from  odor,  and,  although  they  all  showed, 
by  the  greater  amount  of  mineral  matter  and  hardness  than  the 
natural  waters  of  this  region,  the  effect  of  the  population  upon  the 
territory  from  which  the  supply  is  derived,  the  analyses  also  show 
that  the  water  had  been  very  thoroughly  purified  by  its  passage 
through  the  ground. 

Three  additional  samples  taken  from  this  vicinity  in  June  and 
July,  1898,  gave  results  which  confirmed  those  above  mentioned, 
the  analyses  showing  that  in  every  case  the  water  had  been  com- 
pletely purified,  chemically,  by  its  passage  through  the  ground. 
The  wells  from  which  two  of  these  last  mentioned  samples  were 
taken  were  175  feet  from  the  pond,  while  the  third  sample  was 
taken  from  one  of  the  line  of  wells  near  the  pond.  A  bacterial 
examination  of  a  sample  of  water  from  one  of  these  wells  showed 
that  the  water  was  of  good  quality,  bacterially. 

There  seems  to  be  no  doubt  that  the  quantity  of  water  which 
can  be  obtained  from  the  ground  in  this  vicinity  is  greater  than 
from  any  of  the  other  sources  mentioned,  and  the  principal  ques- 
tion which  arises  with  regard  to  this  source  is  as  to  whether  the 
water  will  remain  of  suitable  quality  for  use  after  long-continued 
pumping.  The  principal  source  of  danger  is  that  the  water  of  the 
pond,  which  is  highly  polluted,  will  find  its  way  through  the  ground 
to  the  wells  without  being  thoroughly  purified  by  filtration.    Ex- 
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perience  has  shown  in  some  cases  that  water  may  filter  from  a  pond 
to  wells  or  to  a  filter-gallery  and  under  some  conditions  be  thor- 
oughly purified  by  its  passage  through  the  ground,  and  yet  under 
other  conditions  fail  to  be  purified.  It  is  impracticable  to  predict 
in  the  present  case  whether  the  water  drawn  from  the  ground  will 
deteriorate  in  quality  from  this  cause.  Taking  into  account^  how- 
ever, the  urgent  needs  of  your  town  and  the  diflSculty  of  obtaining 
a  sufldcient  quantity  of  water  from  a  better  source,  the  Board  would 
advise  that  this  location  be  adopted  as  a  source  of  supply,  but  with 
the  understanding  that  the  works  are  to  be  of  a  temporary  char- 
acter and  that  the  water  is  to  be  analyzed  frequently  and  its  use 
discontinued  if  it  should  become  impure.  The  wells  should  be 
located  not  less  than  1 75  feet  from  the  pond  and  further  from  it 
if  practicable. 

On  Feb.  9,  1898,  the  Board  sent  a  communication  to  the  water 
boards  of  the  three  places  drawing  water  from  Spot  Pond ;  and, 
after  giving  the  results  of  estimates  as  to  changes  in  the  level  of 
the  pond  which  would  be  likely  to  occur  under  varying  conditions 
of  rainfall,  the  Board  ended  its  communication  with  the  following 
statement,  to  which  it  would  again  call  attention :  — 

It  is  of  the  utmost  importance  ...  to  get  as  much  water  into  Spot 
Pond  as  possible,  or,  what  is  the  same  thing,  to  take  less  water  from  the 
pond  so  as  to  have  a  larger  supply  in  the  pond  to  provide  for  future  con- 
tingencies, such  as  a  growing  population  and  supplementary  supplies 
which  may  become  unsuitable  for  domestic  use.  Eveiy  million  of  gal- 
lons of  water  which  can  be  added  to  the  pond  has  a  distinct  value  to  the 
three  communities  now  depending  upon  this  source,  which  is  much  in 
excess  of  the  mere  cost  of  pumping  the  water,  and  it  would  be  a  benefit 
to  all  of  the  communities  if  a  fixed  price  were  made  per  million  gallons 
of  water,  which  should  be  charged  to  each  community  drawing  more 
than  a  certain  defined  quantity  and  credited  to  any  conununity  taking 
from  the  pond  less  than  this  amount  This  would  ofier  an  incentive  for 
individual  action  on  the  part  of  those  places  which  now  have  or  can  pro- 
vide supplementary  sources  of  supply,  and  would  not  be  unjust  to  any 
town  that  may  be  unable  to  obtain  a  supplementary  source,  as  this  town 
would  only  pay  to  the  others  what  it  would  save  in  the  cost  of  construct- 
ing and  maintaining  a  pumping  plant 

Mendon.  The  selectmen  of  Mendon  applied  to  the  Board, 
Dec.  27,  1893,  for  its  advice  relative  to  taking  the  water  of 
Mendon  Pond  as  a  public  water  supply.  The  Board  replied 
to  this  application  as  follows  :  — 

Boston,  Jan.  5, 1894. 

The  Board  has  already  considered  the  question  of  the  use  of  this 
pond  as  a  source  of  water  supply,  in  response  to  an  application 
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made  by  the  town  of  Uxbridge  in  1892,  and  has  caused  analyses 
of  the  water  to  be  made  in  October,  1892,  and  every  month  from 
May  to  November,  1893.  During  all  of  this  time  the  water  has 
been  of  satisfactory  quality  for  all  the  purposes  of  a  public  water 
supply,  and  there  seems  to  be  no  reason  to  doubt  that  if  it  is  pro> 
tected  from  pollution  it  will  continue  to  be  of  satisfactory  quality 
in  the  future. 

Owing  to  its  situation  near  the  village  of  Mendon  it  is  an  appro- 
priate source  from  which  to  take  a  supply  of  water  for  the  village 
and  any  part  of  the  town  to  which  it  may  be  desirable  to  extend 
the  pipes. 

The  amount  of  water  required  for  the  supply  of  Mendon  will  not 
be  large,  and  in  the  opinion  of  the  Board  the  use  of  the  pond  as  a 
source  of  water  supply  for  Mendon  should  not  prevent  its  use  as 
A  source  of  water  supply  by  Uxbridge. 

Methuen.  The  water  commissioners  of  Methuen  applied 
to  the  Board,  April  13,  1893,  for  advice  as  to  obtaining  a 
water  supply  for  the  town  from  driven  wells  near  Sargent's 
Brook  in  the  east  part  of  the  town.  The  Board  replied  as 
follows :  — 

Boston,  May  19, 1898. 

The  State  Board  of  Health  has  considered  your  application  of 
April  13,  1893,  relative  to  a  proposed  water  supply  for  the  town, 
to  be  taken  from  driven  wells  near  Sargent's  Brook,  and  has 
caused  examinations  of  the  premises  and  analyses  of  the  water  to 
be  made. 

The  analysis  of  a  sample  of  water  sent  in  from  one  of  the  flow- 
ing wells  showed  the  water  to  be  very  pure  and  soft,  and  in  all 
respects  an  excellent  water  for  the  purposes  of  a  public  water 
supply.  After  pumping  for  nearly  six  days,  however,  from  these 
wells  another  sample  was  collected,  and  the  character  of  the  water 
was  found  to  have  undergone  a  decided  change  and  to  be  much 
less  satisfactory.  Should  this  deterioration  continue  with  steady 
pumping,  as  has  been  the  case  in  some  other  places  in  the  State, 
the  water  would  become  objectionable. 

The  watershed  above  the  point  where  the  wells  are  located  was 
examined  and  its  area  determined  approximately  by  sketching  its 
outlines  upon  the  topographical  map  of  the  State,  and  subsequently 
measuring  it.  This  area  was  found  to  be  so  small  that  the  total 
amount  of  water  flowing  from  it,  through  the  brook  and  through 
the  ground,  in  a  dry  year  would  not  be  in  excess  of  the  require- 
ments of  a  water  supply  for  Methuen,  having  due  regard  to  future 
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needs.  It  was  obvioas  from  an  examination  of  the  watershed  that 
much  of  the  water  would  flow  off  through  the  brook,  particularly 
in  the  spring  of  the  year,  so  that  the  supply  to  be  obtained  from 
the  ground  would  be  much  less  than  the  total  flow  from  the  water- 
shed, and  probably  not  enough  during  the  dryer  portions  of  a  dry 
year  to  supply  the  town  as  soon  as  water  is  generally  introduced. 

On  July  5  the  water  commissioners  of  Methuen  again 
applied  to  the  Board  for  its  advice  upon  the  question  of 
taking  a  water  supply  for  the  town  from  wells  driven  near 
the  Spicket  River  at  the  junction  of  the  brook  leading  from 
Harris  Pond.  The  Board  replied  to  this  application  as 
follows :  — 

Boston,  July  25, 1893. 
In  response  to  your  application  of  July  5,  1893,  with  regard  to 
a  proposed  water  supply  for  the  town  of  Methuen,  to  be  taken  from 
driven  wells  located  near  the  Spicket  River  near  the  point  where 
it  is  joined  by  the  brook  leading  from  Harris  Pond,  the  Board  has 
caused  an  examination  of  the  locality  and  an  analysis  of  a  sample 
of  water  sent  in  by  you  from  one  of  these  wells  to  be  made.  The 
analysis  showed  that  the  water  sent  in  was  of  excellent  quality  for 
the  purposes  of  a  public  water  supply.  Judging  from  the  tests 
made  under  your  direction,  and  from  an  examination  of  the  terri- 
tory in  the  vicinity  of  the  test  wells,  it  is  probable  that  a  sufficient 
supply  for  the  town  for  at  least  a  few  years  may  be  obtained  from 
the  ground  near  where  the  tests  have  been  made,  and  this  location 
has  the  great  advantage  that  it  is  well  situated  for  taking  a  supple- 
mentary supply  of  water  from  Harris  Pond  whenever  the  quantity 
of  water  which  can  be  obtained  from  the  ground  proves  insufficient. 

Newburyport.  In  the  report  of  the  State  Board  of 
Health  to  the  Legislature,  dated  Jan.  10, 1893  (Senate  Docu- 
ment 4,  1893),  it  was  stated  that  the  water  of  the  Merrimack 
River  had  been  furnished  directly  to  the  citizens  of  Newbury- 
port by  the  Newburyport  Water  Company,  and  that  a  letter 
had  been  sent  to  the  Newburyport  Water  Company,  Novem- 
ber 3,  informing  them  that  the  water  of  the  Merrimack  River 
was  unfit  for  domestic  use,  and  advising  them  to  obtain  a 
further  supply  of  pure  water  without  delay.  This  advice 
having  been  disregarded  by  the  company,  an  epidemic  of 
typhoid  fever  took  place  in  January  and  February,  1893^ 
among  the  citizens  of  Newburyport.     The  Board  then  ad- 
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dressed  the  following  communication  to  the  mayor  of  New- 
buryport :  — 

Boston,  March  8, 18d3. 
To  the  Mayor  of  Newburyport. 

Dear  Sir  :  —  On  the  8d  of  November,  1892,  having  learned  that 
the  Newburyport  Water  Ck>nipany  had  at  times  pamped  the  water 
of  the  Merrimack  River  and  distributed  it  to  the  citizens  of  New- 
buryport, the  State  Board  of  Health  addressed  the  following  letter 
to  the  company :  — 

The  Board,  as  a  result  of  extended  examinations  of  the  effect  of  using 
the  Merrimack  River  water  at  Lowell  and  Lawrence,  reached  the  con- 
clusion that  it  is  to  this  cause  that  the  excessive  mortality  from  typhoid 
fever  in  these  cities,  as  well  as  the  very  severe  epidemic  of  this  disease 
in  the  winter  of  1890-91,  may  be  ascribed.  The  condition  of  this  river 
at  Newburyport  is  worse  than  at  either  Lowell  or  Lawrence,  owing  to 
the  added  sewage  of  the  cities  of  Lawrence  and  Haverhill,  and  the  town 
of  Amesbuiy. 

Li  view  of  this  condition  of  affairs,  the  Board  is  of  opinion  that  the 
Newburyport  Water  Company  should  obtain  a  further  supply  of  pttre 
water  without  delay,  so  that  there  will  be  no  further  occasion  for  pump- 
ing water  directly  from  the  river. 

In  the  Twenty-second  Annual  Report  of  this  Board,  page  527, 
it  was  shown  that  the  introduction  of  a  pure  water  supply  into 
Newburyport  in  1881  was  followed  by  a  reduction  in  the  death-rate 
from  typhoid  fever  of  more  than  one-half. 

It  now  appears  from  an  investigation  recently  made  by  this 
Board  that  the  frequent  pumping  of  a  considerable  quantity  of  the 
water  of  the  river  has  been  followed  very  closely  by  an  epidemic 
of  typhoid  fever  among  your  citizens.  This  epidemic,  in  the  opinion 
of  the  Board,  is  due  to  the  use  of  the  river  water,  following  an  in- 
creased prevalence  at  places  higher  up  the  stream. 

These  results  emphasize  still  more  strongly  the  opinion  of  the 
Board  expressed  in  its  letter  of  November  last  to  the  Newburyport 
Water  Company,  relative  to  the  necessity  of  **  obtaining  a  further 
supply  of  pure  water  without  delay,"  and  in  the  opinion  of  the 
Board  such  a  supply  cannot  be  obtained  by  developing  the  present 
spring-water  sources. 

The  mayor  of  Newburyport  applied  to  the  State  Board 
of  Health,  April  13,  1893,  for  advice  as  to  taking  the  water 
of  Artichoke  River,  in  that  city  and  the  town  of  West  New- 
bury, as  a  source  of  water  supply  for  the  city,  such  water  ta 
be  purified  either  by  artificial  or  natural  filtration  through 
sand.     The  Board  replied  as  follows :  — 
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BosTOW,  April  24, 1893. 

An  examination  of  this  source  shows  that  by  the  construction  of 
a  storage  reservoir  as  proposed  it  can  be  made  to  furnish  a  suf- 
ficient quantity  of  water  for  the  city  of  Newburyport  for  a  long 
time  in  the  future.  With  regard  to  the  quality  of  the  water  the 
examinations  thus  far  made  show  it  to  be  a  water  of  fair  quality, 
but  it  would  not  probably  be  satisfactory  for  drinking  purposes 
without  filtration.  The  Board  is  of  opinion  that  it  will  be  feasible 
to  so  filter  this  water  that  in  connection  with  the  existing  works, 
or  independent  of  them,  an  ample  and  satisfactory  supply  for  the 
•city  can  be  obtained. 

The  Board  makes  a  reply  at  this  time  instead  of  waiting  for  your 
further  surveys  and  investigations  because  it  understands  that  its 
advice  is  desired  now  in  connection  with  pending  legislation,  and 
will  advise  you  further  with  regard  to  the  filtration  of  the  water 
when  the  results  of  the  further  surveys  and  investigations  are  pre- 
sented. 

* 

North  Andover.  The  committee  on  water  supply  of  the 
town  of  North  Andover  applied  to  the  Board,  Dec.  13, 1892, 
for  advice  relative  to  taking  the  water  of  Great  Pond  in  that 
town  for  a  public  water  supply.  The  Board  replied  to  this 
application  as  follows :  — 

Boston,  Jan.  16, 1892. 

The  State  Board  of  Health  has  considered  your  application 
•dated  Dec.  14,  1892,  with  regard  to  a  proposed  water  supply  for 
the  town  of  North  Andover,  to  be  taken  from  Great  Pond  within 
said  town. 

The  Board  has  caused  examinations  of  the  pond  and  analyses  of 
its  water  to  be  made,  and  finds  that  the  water  is  of  satisfactory 
<|uality  for  all  the  purposes  of  a  public  water  supply  and  that  the 
-quantity  of  water  which  the  pond  will  furnish  is  many  times  in 
excess  of  the  quantity  which  will  be  required  for  the  supply  of  the 
town. 

The  Board  is  therefore  of  opinion  that  Great  Pond  in  North 
Andover  is  an  appropriate  source  from  which  to  take  a  water  sup- 
ply for  the  town. 

Peabody.  The  Water  Board  of  the  town  of  Peabody  sent 
the  following  communication  to  the  State  Board  of  Health, 
April  18,  1893,  relative  to  the  threatened  pollution  of  their 
water  supply  by  drainage  from  new  settlements  upon  the 
immediate  watersheds  of  the  two  ponds  used  as  water 
Bupplies :  — 
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Pbabodt»  Mass.,  April  18,  1888. 
Stale  Board  of  Healthy  Boston^  Mass. 

Gbntlemek:  —  By  a  vote  of  the  water  board,  I  am  instracted 
to  respectfully  represent  to  you  a  matter  of  vital  importance  to- 
the  town  of  Peabody.  Parties  have  purchased  the  land  north  of 
Spring  and  Brown's  ponds,  the  water  supply  of  the  town,  and^ 
have  cut  it  up  into  house  lots,  and  as  the  land  on  both  places  slopes' 
toward  the  ponds,  the  matter  of  polluting  the  water  in  the  ponds 
is  deemed  of  such  great  Importance  to  the  town  that  the  Water 
Board  would  respectfully  request  that  a  member  of  the  State  Board 
of  Health  come  here  some  time  to  look  over  the  premises,  and  sug- 
gest some  remedy,  if  possible. 

Yours  respectfully, 

Hbhrt  Babtje, 

Clerks  Water  Board. 

In  compliance  with  this  request  of  the  water  board  of 
Peabody,  the  secretary  of  the  State  Board  visited  the  sources 
of  water  supply  of  the  town,  in  company  with  the  water 
board,  and  afterward  addressed  a  letter  to  them,  by  instruc- 
tions of  the  State  Board  of  Health,  giving  such  information 
-as  to  existing  statutes  as  would  be  serviceable  for  the  pro- 
tection of  their  water  supplies  from  pollution. 

BocKFORT.  An  application  was  received  from  H.  N.. 
Woods  and  others,  and  the  selectmen  of  Rockport,  Jan.  4, 
1893,  asking  the  advice  of  the  Board  relative  to  the  taking 
of  a  public  water  supply  from  Cape  Pond,  or  Mill  Pond 
Brook  in  that  town,  and  in  the  event  of  these  sources  prov- 
ing unsuitable,  from  the  Gloucester  Water  Company.  The 
Board  replied  as  follows :  — 

Boston,  Feb.  18, 1893. 

An  application  with  regard  to  Cape  Pond  as  a  source  of  water 
supply  for  Rockport  was  made  to  the  Board  on  March  18,  1890, 
and  the  reply  of  the  Board  dated  March  26, 1890,  was  as  follows  :  — 

The  Board  has  caused  samples  of  water  to  be  taken  from  the  pond  and 
has  had  them  submitted  to  chemical  and  microscopical  examination. 
The  water  at  the  present  time  is  not  found  by  either  examination  to  be 
of  satisfactoiy  quality.  It  contained  an  unusually  large  number  of  or- 
ganisms, and  is  therefore  specially  liable  to  bad  tastes  and  odors,  such 
as  have  affected  many  water  supplies  in  the  State.  It  is  also  shown  by 
analysis  to  contain  a  large  amount  of  ammonia,  which  indicates  the 
presence  of  decaying  matter.    It  is  not  feasible  to  tell  whether  the  water 
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at  the  present  time  is  better  or  worse  thaii  at  other  seasons  of  the  year ; 
but,  as  a  rule,  the  quality  of  the  water  of  ponds  is  worse  in  the  sonuner. 
In  view  of  this  nnsatiRfSfictory  condition  of  the  water,  the  Board  cannot 
at  the  present  time  advise  that  this  pond  will  be  a  desirable  source  of 
supply  for  the  town  of  Rockport,  unless  the  water  supplied  is  first 
efiiciendy  filtered.  If  it  should  be  found  by  subsequent  examinations 
that  the  water  of  this  pond  is  better  at  other  seasons  of  the  year  than  at 
the  present  time,  the  Board  might  have  occasion  to  modify  the  advice 
above  given. 

Since  the  above  date  four  samples  of  water  were  collected  from 
the  pond,  in  August  and  October,  1892,  which  showed  by  the 
chemical  examination  the  presence  of  more  organic  matter  than  is 
desirable  in  water,  and  by  the  microscopical  examination  the 
presence  of  a  large  variety  and  number  of  organisms.  On  the 
whole,  howevef,  these  samples  indicated  that  the  water  was  of 
better  quality  than  in  1890.  A  sample  collected  in  February,  1893, 
shows  still  less  organic  matter  and  fewer  organisms,  so  that,  the 
water  as  represented  by  the  last  sample  may  be  considered  as  of 
satisfactory  quality  for  water  supply  purposes.  Notwithstanding 
these  changes  for  the  better  in  the  organic  matters  in  the  water, 
the  mineral  contents  show  that  there  is  an  increasing  pollution  of 
the  pond  by  the  waste  matters  which  come  from  the  glue  factory 
upon  the  watershed,  and  there  is  little  doubt  that  if  these  waste 
matters  continue  to  affect  the  pond  the  water  will  be  specially 
liable  to  bad  tastes  and  odors  caused  by  too  great  an  amount  of 
organic  matter  and  too  many  organisms  in  the  water,  whereas  if 
the  waste  matters  were  removed  from  the  watershed  so  that  they 
could  not  affect  the  pond  by  direct  flow  into  it,  or  by  filtration 
through  the  ground,  the  quality  of  the  water  would  probably  im- 
prove to  a  considerable  extent  in  two  or  three  years,  and  after  a 
longer  term  of  years  the  water  in  the  pond  would  resume  its  natural 
character. 

The  Board  is  therefore  of  opinion  that  this  pond  should  not  be 
used  for  water  supply  purposes  unless  the  pollution  of  its  water 
ceases,  but  that  if  the  pollution  is  stopped  the  water  will  become 
of  satisfactory  quality  for  the  supply  of  the  town. 

With  regard  to  the  quantity  of  water  which  this  pond  will  fur- 
nish, it  will  probably  supply  sufficient  water  for  the  present  popu- 
lation of  the  town  but  not  enough  to  provide  for  a  growth  of 
population,  and  in  designing  works  for  taking  a  supply  it  would  be 
well  to  take  into  account  the  need  of  an  additional  supply,  which 
can  probably  be  obtained  from  the  streams  which  come  from  a 
northerly  direction  into  the  brook  which  flows  from  Cape  Pond,  or 
possibly  from  wells  in  the  low  land  through  which  this  brook  flows. 
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Millpond  Brook,  so-called,  is  naturaUy  inferior  to  Cape  Pond  as 
a  Boiiroe  of  water  supply  for  Bockport,  and  it  is  very  doubtful  if  it 
coald  be  made  to  furnish  a  sufficient  quantity  of  water  for  even  the 
present  population. 

Saleh.  The  water  commissioners  of  Salem  applied  to 
the  State  Board  of  Health,  Feb.  17,  1893,  for  advice  relative 
to  Increasing  the  present  water  supply  of  the  city  by  taking 
water  from  Beaver  and  Norwood's  ponds  and  Longham 
Meadow,  certain  regions  which  are  tributary  to  Miles  Biver, 
and  conveying  the  same  by  a  canal  to  Wenham  Lake,  the 
present  source  of  supply.     The  Board  replied  as  follows :  — 

Boston,  April  4, 18d3* 
Investigations  of  the  present  source  of  water  supply  for  Salem 
and  Beverly  (Wenham  Lake)  show  that  the  safe  capacity  of  this 
source  has  been  exceeded  to  a  considerable  extent,  and  that  a  new 
supply  should  be  provided  by  the  end  of  1893  if  not  before.  The 
most  economical  source  from  which  to  obtain  such  a  supply  is  that 
referred  to  in  the  application,  as  these  brooks,  at  the  point  where 
their  waters  can  be  diverted,  are  only  about  half  a  mile  from  Wen- 
bam  Lake,  and  so  few  feet  below  its  level  that  the  water  can  be 
diverted  into  the  lake  without  pumping  by  raising  the  water  of  the 
brooks  by  means  of  a  low  dam. 

Since  your  application  was  made  two  sets  of  analyses  of  water 
from  these  brooks  have  been  made.  The  first  one  was  made  on 
March  1st,  when  there  was  a  large  amount  of  snow  on  the  ground 
and  very  little  water  running  in  the  streams.  At  this  time  the 
water  was  very  dark-colored  and  had  a  disagreeable  odor  and  taste, 
so  that  it  would  be  wholly  unsatisfactory  as  a  source  of  water  sup- 
ply if  taken  directly  into  the  pipes.  The  next  sample  was  taken 
on  March  15tfa  when  a  large  part  of  the  snow  had  melted  and  a 
great  amount  of  water  was  flowing  in  the  streams.  The  water  of 
the  Longham  Meadow  Brook  at  this  time,  although  somewhat  tur- 
bid, owing  to  the  presence  of  earthy  matter,  had  only  one-third  as 
much  color  as  on  March  1st  and  was  in  other  respects  a  much 
better  water.  The  water  of  the  brook  flowing  from  Norwood's 
Pond  also  showed  a  very  decided  improvement,  but  not  as  much  as 
in  the  other  case,  as  the  water  from  the  melting  snow  had  not  had 
tune  to  crowd  out  all  the  water  previously  in  the  ponds  on  this 
stream. 

If  the  water  of  these  streams  was  turned  into  Wenham  Lake 
near  its  outlet,  as  is  now  proposed,  it  would  mingle  with  the  water 
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of  the  lake,  making  a  mlziare  very  much  better  than  the  water 
coming  from  the  brooks,  and,  in  addition,  the  water  standing  for 
so  long  a  time  before  being  used  as  it  would  in  so  large  a  body  of 
water  as  Wenham  Lake  would  improve  to  a  very  considerable  ex- 
tent by  bleaching  and  sedimentation.  In  order,  however,  to  main- 
tain as  nearly  as  possible  the  present  standard  of  Wenham  Lake 
water,  it  is  highly  desirable  that  only  so  much  water  as  may  be 
necessary  should  be  turned  into  the  lake  from  these  brooks,  and 
that  it  should  be  turned  in  at  the  season  of  the  year  when  the  water 
in  the  brooks  is  in  its  best  condition. 

The  stream  at  the  proposed  point  of  diversion  is  as  before  indi- 
cated lower  than  the  lake  ;  and,  in  order  to  divert  the  water  into 
the  lake  by  gravity,  it  is  necessary  to  raise  the  water  in  the  stream 
by  means  of  a  dam.  The  question  has  therefore  been  raised  as  to 
whether  it  is  not  best  to  make  a  dam  high  enough  to  form  a  large 
reservoir  which  will  furnish  a  valuable  addition  to  the  present  stor- 
age capacity.  The  surveys  of  this  reservoir  have  not  yet  been 
completed  and  it  is  not  feasible  to  tell  from  observation  alone 
what  its  character  will  be.  It  seems  probable,  however,  that 
unless  a  very  large  amount  of  money  is  spent  in  its  preparation 
the  water  would  deteriorate  to  a  very  considerable  extent  by  stand- 
ing in  it  and  that,  at  the  present  time,  it  would  be  better  to  con- 
struct a  dam  having  only  sufficient  height  to  turn  the  water  into 
the  lake.  Even  a  low  dam  at  this  place  will  flow  the  water  back 
for  a  long  distance  up  the  valley  of  the  Longham  Meadow  Brook^ 
and  if  the  reservoir  is  to  be  kept  filled  at  all  seasons  of  the  year  it 
should  be  prepared  to  receive  this  water  by  the  removal  of  all  soil 
and  vegetable  matter  and  the  deepening  or  filling  of  the  shallower 
portions.  If,  however,  the  reservoir  should  be  filled  to  divert 
water  into  the  lake  only  in  the  winter  and  spring  it  is  not  improb- 
able that  satisfactory  results  may  be  obtained  by  a  less  expensive 
preparation. 

It  may  be  feasible  by  ditching  or  otherwise  draining  the  swampy 
lands  or  ponds  upon  the  watersheds  of  these  brooks  to  greatly 
improve  the  quality  of  the  water  fiowing  in  them,  and  the  Board 
would  advise  that  this  question  of  the  improvement  of  these  sources 
should  be  investigated  and  that  any  act  authorizing  the  taking  of 
these  sources  should  contain  such  provisions  as  will  permit  this 
work  to  be  done. 

The  total  area  drained  by  these  streams  is  much  larger  than  that 
now  supplying  Wenham  Lake,  and,  in  connection  with  Wenham 
Lake  and  its  watershed,  should  furnish  a  supply  of  water  for  Salem 
and  Beverly  for  a  long  time  in  the  future  without  building  a  large 
storage  reservoir,  provided  the  water  is  economically  used. 
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The  amount  of  water  now  consamed  by  Salem  and  Beverly,  as 
given  in  the  annual  reports  of  the  water  boards,  is  unusually  large 
for  such  communities,  and  the  Board  would  therefore  advise  that 
measures  should  be  taken  to  restrict  the  waste  of  water ;  not,  how- 
ever, with  the  expectation  that  the  need  of  an  additional  supply  can 
be  avoided,  but  rather  with  a  view  to  maintaining  as  nearly  as  pos- 
sible the  present  standard  of  quality  of  the  water  supply  by  adding 
to  it  as  little  water  from  the  new  sources  as  possible,  and  also  with 
a  view  to  making  the  proposed  addition  provide  for  as  far  in  the 
future  as  possible. 

Taking  everything  into  consideration  the  Board  is  of  opinion 
that  the  two  streams  mentioned  in  your  application,  including  with 
them  a  small  portion  of  the  main  stream  below  their  confluence, 
are  the  most  appropriate  sources  for  obtaining  an  additional  water 
supply  for  Salem  and  Beverly. 

The  Board  has  given  its  present  views  in  a  general  way  as  to  the 
best  method  of  obtaining  such  a  supply  from  these  sources,  but 
will  advise  you  more  in  detail  when  you  have  made  a  further  study 
of  the  subject  and  can  present  more  definite  plans. 

Saundebsville.  The  treasurer  of  the  Saunders  Cotton 
Mills  in  Grafton,  applied  to  the  Board,  October  18,  for  ad- 
vice as  to  supplying  the  mill  and  houses  in  its  neighborhood 
with  water  from  springs  upon  a  hill  near  the  village.  The 
Board  replied  as  follows  :  — 

Boston,  Not.  2,  1893. 

The  Board  has  caused  an  analysis  of  the  water  from  one  of 
these  springs,  and  an  examination  of  the  territory  from  which 
they  derive  their  supply,  to  be  made.  The  water  is  very  soft  and 
of  suitable  quality  for  all  the  purposes  of  a  water  supply,  and  the 
covering  which  you  propose  to  put  on  the  reservoir  will  tend  to 
preserve  the  good  quality  of  the  water  when  it  is  stored.  In  order 
to  maintain  the  purity  of  the  spring  water,  care  should  be  taken  to 
exclude  all  surface  water. 

Judging  from  the  quantity  of  water  discharging  from  the  springs 
at  the  time  the  examination  was  made  by  the  engineer  of  the  Board, 
and  f  i*om  statements  made  to  him  as  to  the  permanence  of  these 
springs,  it  seems  probable  that  they  will  furnish  enough  water  to 
make  them  a  valuable  source  of  supply  for  the  mill  and  the  houses 
in  its  vicinity. 

In  addition  to  the  sample  of  water  from  the  spring,  another 
sample,  taken  from  a  well  which  now  supplies  water  to  the  mill, 
was  analyzed.    This  analysis  shows  that  a  portion  of  the  water 
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coming  to  this  well  has  at  some  time  been  pollated  and  afterwards 
thoroughly  purified  by  its  passage  through  the  ground  to  the  well. 
While  there  is  no  reason  to  think  that  this  water,  in  its  present 
condition,  would  be  injurious  to  the  health  of  those  drinking  it, 
it  is  a  much  less  desirable  source  of  domestic  supply  than  the 
springs  on  the  hill. 

SciTUATE.  M.  R.  Simmons  and  others,  and  the  selectmen 
of  Scituate  applied  to  the  Board,  Dec.  10,  1892,  for  its 
advice  relative  to  taking  water  for  supplying  the  village  of 
Scituate  Harbor,  from  the  valley  of  Satuit  Brook  in  that  vil- 
lage.    The  Board  replied  as  follows  :  — 

Boston,  Feb.  21, 1893. 

The  general  outlook  for  obtaining  a  sufficient  quantity  of  water 
for  present  and  future  requirements  from  the  ground  where  the  test 
wells  are  located  is  favorable  both  as  regards  the  area  and  topog- 
raphy of  the  watershed  from  which  the  supply  would  come,  and 
because  the  test  wells  show  the  presence  of  a  layer  of  porous  sand 
from  which  water  can  be  drawn.  The  amount  of  water  to  be  ob- 
tained, however,  will  depend  upon  the  extent  of  this  porous  layer, 
and  the  freedom  with  which  water  can  be  pumped  from  it,  and  it 
will  be  advisable  to  make  some  further  tests  to  determine  these  feat- 
ures before  constructing  works. 

The  sample  of  water  collected  from  a  flowing  test  well  is  of  good 
quality,  and  it  seems  probable  that  the  quality  of  the  water  will 
remain  good  when  a  supply  is  pumped  from  the  ground.  In  some 
cases,  however,  the  quality  of  water  from  wells  in  a  meadow  dete- 
riorates when  pumped,  and  it  would  be  well  to  have  additional 
samples  analyzed  when  a  pumping  test  is  made. 

Sharon.  The  board  of  health  of  Sharon,  under  instruc- 
tions from  the  town,  requested  the  advice  of  the  State  Board 
of  Health,  Aug.  28,  1893,  with  reference  to  the  possible  pol- 
lution of  the  public  water  supply  of  the  town,  under  existing 
conditions,  and  as  to  the  best  practicable  method  of  assuring 
its  purity  in  the  future.     The  Board  replied  as  follows :  — 

BosTONi  Oct.  6, 1893. 

When  any  part  of  the  territory  from  which  a  well  derives  its 
supply  is  populated  and  the  waste  waters  of  this  population  are 
discharged  into  the  ground,  these  waters  percolate  downwards  until 
they  reach  the  level  of  the  water  in  the  ground,  and  then,  mingling 
with  the  natural  ground  water,  filter  slowly  toward  the  well.    In 


No.  34.]     ADVICE  TO  CITIES  AND  TOWNS.  51 

such  a  case  the  dissolved  mineral  matters  (for  instance,  common 
salt,  and  the  salts  of  lime  and  magnesia  which  make  water  hard) 
are  not  removed  by  the  filtration ;  bat  the  organic  matters  may  be 
decomposed  and  wholly  transformed  into  harmless  mineral  matters 
by  filtering  through  the  ground  for  a  suflScient  distance. 

The  State  Board  of  Health  has  caused  chemical  analyses  of  water 
from  the  well  of  the  Sharon  Water  Company  to  be  made  from  time 
to  time  since  June,  1887,  the  last  analysis  being  made  in  Septem- 
ber, 1893.  These  analyses  show  the  presence  in  the  water  of  some 
of  the  mineral  matters  due  to  the  population  upon  the  territory  from 
which  water  filters  toward  the  well,  and  the  water,  although  not 
hard,  is  harder  than  it  would  be  if  it  were  not  for  the  population 
upon  this  territory.  They  also  show  that  such  polluted  waters  as 
have  mingled  with  the  ground  water  have  been  very  thoroughly 
purified  at  all  times,  and  the  recent  analysis  fails  to  reveal  even  a 
trace  of  organic  matter.  It  may  therefore  be  said  that  the  water 
is  very  pure  at  the  present  time. 

There  is  scarcely  a  doubt  that  the  waste  waters  discharged  into 
the  ground  from  the  more  distant  points  will  continue  to  be 
thoroughly  purified  before  reaching  the  well,  and  the  effect  of  an 
increase  in  population  at  these  points  would  be  to  increase  the 
hardness  of  the  water  rather  than  to  render  it  injurious  to  health. 
There  is  a  greater  probability  that  the  water  may  at  some  time  be 
polluted  by  the  wastes  which  enter  the  ground  at  nearer  points,  say 
within  a  distance  of  from  600  to  800  feet  from  the  well ;  and  it  is 
highly  desirable  that  within  this  distance  this  method  of  disposing 
of  the  waste  matters  shall  cease. 

If  there  should  be  a  very  large  increase  of  population  upon  the 
more  distant  territory  which  contributes  water  to  the  well,  it  may 
be  necessary  at  some  time  in  the  future  to  provide  a  water-tight 
system  of  sewers  to  carry  off  the  liquid  wastes,  or  to  obtain  the 
water  supply  from  some  new  location. 

SouTHBRiDGE.  The  Southbridge  Water  Supply  Company 
applied  to  the  Board  for  its  advice,  Sept.  5,  1893,  relative 
to  the  question  of  increasing  the  public  water  supply  by 
building  a  new  dam  about  one  mile  south  of  the  present 
upper  reservoir,  and  as  to  the  improvement  of  the  present 
supply  and  storage  capacity.  The  Board  replied  as  fol- 
lows :  — 

Boston,  Oct.  13,  1893. 
We  are  informed  by  your  engineer  that  this  new  reservoir  will 
have  sufficient  capacity  to  store  50,000,000  gallons ;    but,  as  you 
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have  not  made  Burveys  of  the  watershed,  to  determine  its  area,  it 
is  not  feasible  to  advise  yon  other  than  in  a  general  way  as  to  the 
quantity  of  water  which  this  source  will  furnish. 

It  is  also  the  case  that  when  this  source  was  inspected  by  an 
engineer  of  the  Board,  there  was  no  water  running  in  the  stream 
at  the  site  of  the  proposed  dam,  so  that  it  was  not  possible  to  get 
a  sample  of  water  for  analysis.  The  inspection  of  the  watershed 
by  this  engineer,  however,  indicated  that  the  water  flowing  from  it 
was  naturally  of  good  quality,  and  that  more  water  could  probably 
be  obtained  from  this  source  than  from  the  present  works. 

The  water  would  probably  deteriorate  somewhat  by  storage  in 
this  large  reservoir,  in  any  case  ;  but  much  more  if  the  reservoir 
is  not  cleaned,  than  if  it  is  thoroughly  cleaned  by  the  removal  of 
all  soil  and  vegetable  matter. 

In  answer  to  your  second  question  asking  the  advice  of  the 
Board  with  regard  to  the  improvement  of  the  present  supply,  it 
may  be  said  that  it  does  not  appear  feasible  to  increase  the  storage 
in  a  satisfactory  mariner  nor  to  materially  increase  the  quantity  in 
any  other  way.  It  should  also  be  borne  in  mind  that  if  you  adopt 
the  new  source  and  construct  the  large  proposed  reservoir  upon  it, 
it  will  be  feasible  to  operate  the  two  systems  together  so  as  to 
utilize  some  of  the  water  which  now  flows  to  waste  over  the  lower 
dam  of  your  present  works  in  the  spring  of  the  year.  For  example, 
when  enough  additional  water  takers  have  been  connected  with  the 
works  to  use  all  of  the  water  which  the  present  and  proposed 
works  will  furnish  in  a  dry  time,  it  may  frequently  happen  that  the 
lower  reservoir  will  be  overflowing,  while  the  proposed  reser^'oir^ 
owing  to  its  large  size,  will  not  be  full.  At  such  times  it  will  be 
feasible  to  supply  the  greater  part  of  the  town  from  the  old  source, 
thereby  permitting  less  of  the  water  to  flow  to  waste,  and  reserving 
the  water  of  the  proposed  reservoir  for  use  during  the  drier  portions 
of  the  year. 

With  regard  to  the  improvement  of  the  quality  of  the  present 
supply,  the  measures  suggested  are  the  removal  of  any  organic 
matter  which  may  be  in  the  reservoir,  and  the  ditching  of  any 
lands  of  a  swampy  nature  over  or  through  which  the  streams  flow 
to  the  reservoirs,  so  as  to  prevent,  as  far  as  possible,  the  water 
from  coming  into  contact  with  organic  matter  or  standing  upon  the 
surface  of  these  lands. 

It  is  improbable  that  your  present  and  proposed  works  together 
will  furnish  as  much  water  as  ought  to  be  provided  for  a  large  and 
growing  town  like  Southbridge,  and  the  Board  would  therefore 
advise  that  you  have  thorough  investigations  made  with  a  view  to 
determining  the  best  source  for  the  permanent  supply  of  the  town. 
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Should  yoa  find  a  soarce  which  will  f arnish  an  adequate  snpply  of 
good  water  it  would  probably  be  a  measure  of  true  economy  to 
adopt  it  at  once,  rather  than  to  spend  money  upon  a  source  which 
in  a  very  few  years  is  likely  to  prove  inadequate,  if  the  pipe  sys- 
tem of  the  town  should  be  extended  to  any  considerable  extent. 
Should  your  iuvestigations  of  the  larger  sources  lead  you  to  con- 
clude that  it  is  desirable  to  adopt  one  of  them,  the  Board  will  advise 
you  further  in  this  matter  when  you  shall  have  submitted  the  results 
of  your  investigations. 

The  Southbridge  Water  Supply  Company  submitted  a 
second  application,  Oct.  14, 1893,  stating  that  they  had  made 
the  investigatioHH  ol  the  larger  sources  of  supply  suggested 
by  the  Board,  to  which  the  Board  replied  as  follows :  — 

Boston,  Dec.  8, 1893. 

The  State  Board  of  Health  received  from  you  on  Oct.  16,  1893, 
a  second  application  with  regard  to  increasing  the  water  supply  of 
the  town  of  Southbridge,  and  at  a  subsequent  date  received  a  plan 
of  a  storage  reservoir  which  it  is  proposed  to  build  on  Hatchet 
Brook. 

The  Board  has  caused  an  examination  of  the  premises  by  one  of 
its  engineers,  and  analyses  of  the  water  from  Hatchet  Brook  at 
the  site  of  the  proposed  dam,  from  one  of  its  principal  tributaries 
and  from  Hatchet  Pond  to  be  made.  The  examination  and  anal- 
yses showed  the  water  to  be  free  from  pollution,  and  that  it  is  soft 
and  of  suitable  quality  for  all  the  purposes  of  a  public  water  sup- 
ply. In  order  to  maintain  the  purity  of  the  water  when  it  is 
stored,  the  reservoir  should  be  prepared  for  use  by  the  removal  of 
all  soil  and  vegetable  matter  from  its  bottom  and  sides. 

With  regard  to  the  quantity  of  water,  this  source  with  a  storage 
reservoir  constructed  in  accordance  with  the  plan  submitted  should 
furnish  in  the  driest  year  a  sufficient  quantity  of  water  for  a  popu- 
lation considerably  in  excess  of  the  present  population  of  South- 
bridge,  and  it  is  capable  of  still  further  development. 

The  Board  therefore  concludes  that  Hatchet  Brook  at  the  pro- 
posed point  of  taking  is  a  suitable  source  of  water  supply  for  the 
town  of  Southbridge. 

South  Deerfield.  The  South  Deerfield  Water  Company 
applied  to  the  Board,  Nov.  17,  1893,  for  its  advice  as  to  the 
propriety  of  taking  Clapp's  Trout  Brook  as  a  water  supply 
for  South  Deerfield.     The  Board  replied  as  follows  :  — 
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Boston,  I>ec.  14,  1893. 

Clapp's  Trout  Brook  is  a  small  stream  which  flows  dowu  the 
easterly  slope  of  the  range  of  hills  situated  about  two  miles  west 
of  the  village  of  South  Deerfield.  North  and  south  from  this 
brook  there  are  two  much  larger  streams  which  flow  from  the  same 
range  of  hills,  namely,  Roaring  Brook,  in  the  town  of  Whately, 
and  Mill  River,  of  which  Clapp's  Trout  Brook  is  a  branch,  in  the 
town  of  Ck)nway.  Examinations  of  all  of  these  sources,  by  an 
engineer  of  the  Board,  and  analyses  of  the  water  have  been  made. 
The  analyses  show  in  all  cases  a  water  of  excellent  quality,  slightly 
harder  than  most  of  the  drinking  waters  of  the  State,  but  yet  not 
hard  enough  to  be  objectionable  on  this  account.  There  was  little 
difference  in  the  hardness  of  the  samples  from  Clapp's  Trout 
Brook  and  Roaring  Brook,  though  the  latter  had  a  slight  advan- 
tage in  this  respect.  The  sample  of  water  from  Mill  River  was 
considerably  harder  than  either  of  the  others. 

The  quantity  of  water  which  Clapp's  Trout  Brook  will  furnish 
in  a  very  dry  year  cannot  be  accurately  estimated  from  the  infor- 
mation now  in  the  possession  of  the  Board.  It  is  obvious,  how- 
ever, from  an  examination  of  the  territory  and  of  the  State  map, 
that  the  area  drained  by  the  brook  is  quite  small,  and  it  is  doubt- 
ful if  this  source  will  furnish  enough  water  in  a  dry  year  to  supply 
the  village  of  South  Deerfield,  after  the  water  has  been  generally 
introduced. 

Roaring  Brook  will  certainly  furnish  all  the  water  required,  and 
Mill  River,  above  the  point  where  its  water  can  be  diverted  to  the 
village  by  gravity,  will  probably  furnish  a  sufficient  quantity  of 
water.  The  latter  source  has  the  objection,  however,  that  it  is 
much  further  from  the  village. 

With  its  present  information  the  Board  does  not  advise  the  adop- 
tion of  Clapp's  Trout  Brook  as  a  source  of  supply  for  the  village ; 
but  it  might  modify  its  views  if  surveys  should  show  that  the  water- 
shed has  a  larger  area  than  is  now  supposed,  or  should  show  that 
it  is  feasible  to  build  a  reservoir  or  reservoirs  upon  it,  in  which  to 
store  a  sufficient  amount  of  water  to  tide  over  dry  periods.  There 
seems  to  be  no  doubt  that  a  satisfactory  supply  of  water  can  be 
obtained  from  Roaring  Brook. 

The  Board  advises  you  to  have  further  investigations  made  to 
determine  whether  Clapp's  Trout  Brook  will  furnish  a  sufficient 
supply  of  water,  and,  if  it  will  not,  to  determine  whether  it  is  not 
feasible  to  obtain  a  supply  from  Roaring  Brook.  When  you  have 
further  information  to  present  the  Board  will  advise  you  further 
in  this  matter. 
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Stoughton.  The  water  commissioners  of  Stoughton 
sent  a  communication  to  the  Board,  Sept.  7,  1893,  stating 
that  works  recently  completed  for  supplying  water  to  the 
town  had  proved  wholly  inadequate,  and  that  the  commis- 
sioners desired  the  advice  of  the  Board  relative  to  taking 
some  new  source  or  devising  some  method  of  obtaining  a 
larger  supply  from  the  present  plant.  The  Board  replied  as 
follows :  — 

Boston,  Oct.  13, 1893. 

In  April  of  last  year  the  Board  received  from  you  an  application 
for  its  advice  with  regard  to  a  new  water  supply  for  the  town  of 
Stoughton,  in  which  you  designated  the  region  near  Knowles 
Brook  and  Maddy  Pond  for  the  consideration  of  the  Board.  In 
the  reply  to  this  application,  dated  May  5, 1892,  the  Board,  in  giv- 
ing the  relative  capacities  of  the  two  sources  mentioned,  estimated 
that  the  Muddy  Pond  source  would  furnish  a  supply  for  nearly  if 
not  quite  douhle  the  present  population  of  Stoughton,  but  qualified 
the  statement  by  saying  that  '^  these  estimates  are  based  upon  the 
assumption  that  loose  gravelly  ground  can  be  found  in  both  of  these 
locations  to  a  depth  of  from  thirty  to  forty  feet,  and  may  require 
modification  if  examinations  of  the  ground,  which  should  be  made 
before  any  final  decision  is  reached,  show  that  this  is  not  the  case." 
The  reply  concluded  with  the  following  statement :  —  "  The  Board 
is  therefore  of  the  opinion  that  the  most  appropriate  source  from 
which  to  obtain  a  water  supply  for  Stoughton  is  the  ground  in  the 
vicinity  of  Muddy  Pond,  provided  further  examinations  show  that 
porous  material  at  this  place  is  of  sufiScient  depth  and  extent." 

The  new  well  has  been  located  one-quarter  of  a  mile  or  more 
below  Muddy  Pond,  and,  owing  to  its  location,  the  slight  depth  to 
which  the  water  in  it  can  be  drawn  down  with  the  present  arrange- 
ments for  taking  water,  and  probably,  also,  to  the  somewhat 
impervious  nature  of  the  material  in  which  the  well  was  sunk,  the 
quantity  of  water  which  it  will  supply  is  small.  Under  the  present 
conditions  it  is  obviously  desirable  to  bring  additional  water  to  the 
works  already  constructed,  if  it  can  be  done  at  a  reasonable  cost, 
rather  than  to  make  any  radical  changes  in  the  works. 

Near  the  upper  end  of  Muddy  Pond,  as  you  well  know,  there 
are  many  large  springs  outcropping  at  the  base  of  the  high  land 
which  partially  surrounds  the  pond.  There  is  no  reason  to  doubt 
that  this  spring  water,  as  it  comes  from  the  ground,  is  of  excellent 
quality ;  and  if  a  sufificient  quantity  of  such  water  can  be  turned 
into  the  present  pump  well  it  would  furnish  a  most  excellent  water 
supply  for  the  town. 
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The  outflow  from  Muddy  Pond  represents  quite  correctly  the 
total  volume  of  water  furnished  by  the  springs  above  referred  to, 
and  by  such  other  springs  as  may  be  located  in  the  bottom  of  the 
pond  or  in  the  swamp  surrounding  it.  A  measurement  of  the  out- 
flow from  the  pond  made  on  April  26,  1892,  showed  the  volume  to 
be  1,410,000  gallons  per  twenty-four  hours,  and  another  measure- 
ment made  on  Sept.  11,  1893,  showed  that  the  flow  was  then  fully 
1,000,000  gallons  per  twenty-four  hours.  The  comparatively 
small  difference  between  the  measurement  made  in  the  spring  of 
the  year,  when  the  flow  would  naturally  be  greatest,  and  in  the 
autumn,  when  the  flow  would  naturally  be  low,  shows  that  the 
yield  of  these  springs  is  remarkably  constant. 

The  smaller  quantity  of  water  is  about  four  times  as  large  as  the 
average  daily  quantity  required  to  supply  the  present  population 
of  Stoughton.  It  would  not  be  fair,  however,  to  reckon  that  this 
source  would  supply  four  times  the  present  population  of  Stough- 
ton, because,  during  dryer  seasons,  the  springs  are  likely  to  be 
lower  than  at  the  present  time  ;  and  provision  is  also  to  be  made 
for  the  maximum  rate  of  consumption  in  summer,  rather  than  the 
average  rate  throughout  the  year.  There  now  appears  to  be  an 
abundant  supply  of  spring  water  for  a  much  larger  population 
than  that  of  Stoughton  entering  the  pond  from  the  springs,  which 
can  be  conveyed  by  an  intercepting  pipe  to  the  present  works. 
The  Board  would  therefore  advise  that  provision  should  be  made 
for  intercepting  the  spring  water  which  now  finds  its  way  into  the 
pond  before  the  water  has  been  exposed  to  the  light  or  come  in 
contact  with  the  vegetable  matter  in  the  swamp  surrounding  the 
pond,  and  for  conveying  the  intercepted  water  to  the  present 
works. 

While  the  main  feature  of  works  for  carrying  out  the  advice  above 
given  is  a  pipe  tapping  the  springs  and  extending  from  them  to  the 
present  works,  there  are  many  precautions  which  should  be  taken 
to  insure  success.  The  attempt  should  be  made  to  collect  all  of 
tbe  spring  water  which  enters  the  pond,  and  for  this  reason  the 
intercepting  pipe  should  be  everywhere  at  a  lower  level  than  the 
water  in  the  pond.  Jn  order  to  intercept  the  water  of  the  springs, 
the  pipe  through  that  portion  of  its  length  where  the  springs  are 
located  should  be  laid  with  open  joints  and  surrounded  and  covered 
with  a  liberal  amount  of  screened  gravel.  Smaller  branch  pipes 
may  also  be  required  at  those  points  where  the  spring  water  out- 
crops in  the  greatest  quantity. 

The  pipe  laid  from  the  territory  where  the  water  would  be  col- 
lected to  the  present  works  should  be  of  large  size,  say  eighteen 
inches  in  diameter,  so  that  it  will  convey  the  water  to  the  vicinity  of 
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the  present  collecting  well  with  very  little  loss  of  pressure  dae  to 
friction ;  and  this  pipe  should  commanicate  with  the  12-inch  pipe 
leading  from  the  collecting  well  to  the  pump  well.  The  12-inch 
pipe  should  have  a  check  valve  on  it  above  the  point  where  the  new 
pipe  connects  with  it  to  prevent  the  water  from  backing  up  into 
the  collecting  well  and  being  lost  by  leakage  into  the  ground  about 
this  well.  It  will  also  be  necessary  to  make  the  joints  of  the  new 
pipe  water-tight  wherever  the  pressure  of  the  water  in  this  pipe 
will  cause  it  to  leak  out  through  the  joints. 

In  order  to  concentrate  the  flow  of  the  whole  twenty-four  hours 
80  that  it  can  be  pumped  in  the  daytime  it  will  be  necessary  to  stop 
the  flow  of  water  from  the  pipe  at  night  and  permit  it  to  back  up 
in  the  gravel  surrounding  and  in  the  vicinity  of  the  open-jointed 
pipe. 

The  Board  would  urge  upon  you  the  advisability  of  having  this 
new  work  done  in  a  liberal  and  thorough  manner  so  as  to  insure 
the  collection  of  all  of  the  spring  water  without  deterioration  of 
quality.  The  total  cost  of  doing  this  work  thoroughly  would  be 
but  a  very  small  percentage  of  the  whole  cost  of  the  system  of 
water  supply  for  the  town^  and  yet  it  represents  the  most  impor- 
tant part  of  the  whole  work,  namely  the  collection  of  an  ample 
fiupply  of  excellent  water. 

UxBRiDOE.  The  committee  on  additional  water  supply 
for  the  town  of  Uxbridge  applied  to  the  Board,  March  18, 
1893,  for  its  advice  as  to  the  comparative  merits  of  Seagrave 
Brook  and  Cold  Spring  Brook  in  Uxbridge,  and  of  Mendon 
Pond  in  Mendon,  as  sources  of  water  supply  for  Uxbridge. 
The  Board  replied  as  follows :  — 

BosiOH,  April  4, 1893. 

The  Seagrave  Brook  drains  so  small  a  territory  that,  even  if 
extensive  storage  reservoirs  should  be  constructed  upon  it,  it  would 
not  probably  furnish  a  sufficient  supply  for  even  the  present  popu- 
lation of  Uxbridge  after  water  was  generally  introduced  in  all  of 
the  villages ;  and  this  source  has  no  advantage  in  regard  either  to 
the  quality  of  the  water  or  to  economy  of  construction  which  should 
lead  to  its  introduction  as  a  temporary  source  of  supply. 

Cold  Spring  Brook,  at  the  proposed  point  of  taking  at  the  old 
«awmill  site,  below  the  Douglas  Road,  drains  so  large  a  territory 
that  its  natural  flow,  supplemented  by  a  comparatively  small 
amount  of  storage  to  tide  over  the  dryer  portions  of  the  year, 
would  be  sufficient  to  supply  Uxbridge  with  water  for  many  years ; 
and  should  the  supply  at  any  time  prove  insufficient,  the  capacity 
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of  the  source  may  be  increased  by  providlDg  additional  storage- 
capacity.  A  sample  of  water  was  collected  from  the  brook  near 
the  proposed  point  of  taking  on  March  25, 1893,  which  showed  the: 
water  to  be  a  fairly  satisfactory  one  for  water  supply  purposes. 
The  sample  was  collected,  however,  at  a  time  when  the  streams 
were  swollen  by  the  water  from  melting  snow,  and  the  analysis 
may,  therefore,  differ  considerably  from  the  analysis  of  the  water  at 
other  seasons  of  the  year. 

The  principal  objection  to  this  source  is  its  low  level,  which: 
makes  it  necessary  to  pump  the  water  and  consequently  increases- 
both  the  first  cost  of  the  works  and  the  annual  cost  of  maintenance. 
When  compared  with  Mendon  Pond  it  seems  probable  that  the  first 
cost  of  works  from  Cold  Spring  Brook  will  be  as  large  on  account 
of  the  cost  of  a  pumping  station,  offsetting  the  additional  length  of 
pipe  required  to  take  water  from  Mendon  Pond ;  and  Cold  Spring* 
Brook  has  the  disadvantage  of  the  continued  expense  of  maintain- 
ing a  pumping  station,  while  the  water  will  flow  from  Mendon  Pond, 
by  gravity. 

It  was  not  feasible  at  the  time  this  examination  was  made  to 
obtain  a  representative  sample  of  water  from  Mendon  Pond,  as  the 
ice  was  not  strong  enough  to  bear  the  weight  of  a  person,  and  the 
water  near  the  edges  was  affected  by  the  water  entering  the  pond, 
from  the  melting  snow. 

To  sum  up  the  comparative  merits  of  the  different  sources,  the 
Board  is  of  opinion  that  the  Seagrave  Brook  source  has  no  advan- 
tage either  in  regard  to  quantity,  quality  or  cost.  A  final  opinion* 
in  regard  to  the  relative  merits  of  Cold  Spring  Brook  and  Mendon 
Pond  in  regard  to  the  quality  of  the  water  cannot  be  given  at  th& 
present  time  on  account  of  the  fact  that  the  few  examinations  made 
may  not  be  representative  of  the  quality  of  the  water  at  all  seasons- 
of  the  year,  but  it  seems  probable  that  Mendon  Pond  can  be  made 
to  furnish  the  better  water.  The  cost  of  a  water  supply  from 
Mendon  Pond  will  be  very  much  less  than  from  Cold  Spring  Brook 
when  the  cost  of  maintaining  a  pumping  station  is  taken  into- 
account. 

Wakefield.  The  Wakefield  Water  Company  requested 
the  advice  of  the  Board,  Feb.  23, 1893,  relative  to  introducing 
** an  additional  water  supply*'  for  Wakefield  and  Stoneham, 
from  **  filtering  galleries,  wells,  or  basins  upon  the  banks  of 
that  portion  of  the  Saugus  River  lying  within  the  limits  of  the 
town  of  Wakefield,  and  above  the  milldam  near  the  Mont- 
rose station  of  the  Salem  branch  of  the  Boston  &  Maine 
Railroad."     The  Board  replied  as  follows :  — 
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Boston,  April  U,  1893. 

From  such  data  as  are  now  available  the  Board  believes  that  the 
capacity  of  the  present  source  (Crystal  Lake)  in  a  series  of  dry 
years  has  been  practically  reached^  so  that  there  is  need  of  an  addi- 
tional water  supply  for  these  towns.  It  has  already  expressed  and 
still  holds  the  opinion  that  the  water  of  Quannapowitt  Lake,  one 
of  the  sources  named  in  your  original  act  of  incorporation,  is  now 
unfit  for  the  purposes  of  a  domestic  water  supply.  This  opinion 
as  to  the  quality  of  Quannapowitt  Lake  water  applies  to  taking 
water  directly  from  the  lake,  but  if  the  water  was  taken  after  it 
had  been  thoroughly  purified  by  filtering  for  a  long  distance 
through  the  ground  or  by  any  other  thorough  method  of  filtration 
it  might  be  used.  It  seems  probable,  however,  that  the  most  sat- 
isfactory additional  supply  for  the  towns  of  Wakefield  and  Stone- 
ham  can  be  obtained  by  taking  water  from  the  ground  at  some 
point  above  the  dam  at  Montrose,  as  indicated  in  your  application. 

In  the  absence  of  any  investigations  to  determine  either  the 
quality  or  quantity  of  water  which  may  be  obtained  from  different 
portions  of  this  territory,  it  is  not  feasible  to  give  any  specific  ad- 
vice in  these  respects  at  the  present  time. 

The  city  of  Lynn,  which  now  takes  its  supply  from  sources  within 
the  Saugus  valley,  is  in  urgent  need  of  an  additional  supply  of 
water  and  desires  to  take  it  from  this  valley,  and  the  valley  is  also 
nearer  other  communities  in  need  of  additional  water  supplies  than 
any  other  large  sources  not  now  in  use  or  so  much  polluted  as  U> 
be  unfit  for  water  supply  purposes.  While,  therefore,  the  Boai-d 
believes  that  the  towns  of  Wakefield  and  Stoneham  should  have 
the  first  right  to  a  water  supply  from  the  portion  of  the  valley 
within  the  limits  of  the  town  of  Wakefield  it  does  not  believe  that 
they  should  control  more  territory  than  is  necessary  for  this  purpose. 

In  view  of  the  impracticabUity  of  making  any  fair  apportion- 
ment of  territory  at  the  present  time,  the  Board  in  its  reply  to  the 
application  of  the  city  of  Lynn  relative  to  an  additional  water 
supply,  concluded  that  Lynn  should  be  granted  the  right  to  take 
water  from  any  portion  of  the  valley  of  the  Saugus  River  not 
already  granted  by  the  Legislature  to  some  other  town  or  water 
company,  but  that  this  grant  should  be  subject  to  the  restriction 
that  the  towns  of  Wakefield  or  Stoneham,  or  the  company  supply- 
ing them  with  water,  may  be  authorized  to  take  water  from  this 
valley  at  any  point  within  the  limits  of  the  town  of  Wakefield,  and 
to  the  extent  required  to  furnish  in  connection  with  Crystal  Lake^ 
the  present  source  of  supply,  a  supply  of  water  for  these  towns ; 
provisions  to  be  made  in  connection  with  any  grant  of  this  charac- 
ter, however,  that  whenever  these  towns,  or  the  company  supplying 
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them  with  water,  should  take  a  supply  from  any  source  in  the 
Saugus  valley  other  tlian  those  already  controlled  by  the  Wakefield 
Water  Company  they  should  be  required  to  pay  to  the  city  of  Lynn 
a  fair  proportion  of  the  amount  already  paid  by  said  city  for  water 
or  land  damages,  and  if  they  should  utilize  to  any  extent  works 
previously  constructed  by  the  city  they  should  pay  a  fair  proportion 
of  the  cost  of  these  works. 

The  Board  advises  your  company  to  make  investigations  with 
reference  to  obtaining  a  further  supply  of  water  from  the  ground 
in  the  Saugus  valley,  in  the  territory  referred  to  in  your  applica- 
tion, and  will  advise  you  further  when  the  results  of  such  investi- 
gations are  presented.  The  greatest  care  should  be  exercised  to 
prevent  the  pollution  of  your  present  source  of  supply  by  the 
increasing  population  on  its  watershed. 

Walpole.  The  committee  on  water  supply  of  Walpole 
applied  to  the  State  Board  of  Health  March  9,  1893,  for  its 
advice  relative  to  a  public  water  supply  for  the  town,  to  be 
taken  from  the  ground  in  the  valleys  of  Mill  Brook  and 
Traphole  Brook  in  East  Walpole,  tributaries  of  the  Nepon- 
set  River.     The  Board  replied  as  follows :  — 

Boston,  April  10, 1893. 

In  accordance  with  your  request  for  an  early  reply  to  your  appli- 
cation relative  to  a  water  supply  for  the  town  of  Walpole,  the 
State  Board  of  Health  has  caused  a  preliminary  examination  to  be 
made,  and  finds  that  the  local  conditions  favor  the  plan  of  taking 
a  supply  from  the  ground  within  the  limits  of  the  town,  as  sug- 
gested in  your  application  to  the  Board.  As  it  is  stated  in  your 
application  that  the  different  sources  within  the  town  are  to  be 
fully  investigated,  the  Board  will  make  a  further  reply  regarding 
the  merits  of  these  sources  after  the  results  of  the  investigations 
have  been  received. 

After  considering  the  needs  and  interests  of  other  towns  in  the 
Ticinity  of  Walpole  the  Board  finds  no  reason  to  doubt  that  Wal* 
pole  should  at  the  present  time  have  the  right  to  any  source  within 
its  limits.  There  is  one  source,  however,  viz.,  Traphole  Brook,  in 
the  easterly  part  of  Walpole,  which  subsequently  flows  through  the 
southerly  corner  of  Norwood  and  then  forms  the  northerly  boun- 
dary of  the  town  of  Sharon,  which  may  in  the  future  be  of  value 
to  some  other  community  as  a  source  of  additional  water  supply ; 
and  if  it  should  be  found  that  this  source  is  not  the  best  one  for 
Walpole  and  works  should  be  built  to  take  a  supply  from  another 
source,  the  Board  is  of  opinion  that  any  rights  which  are  now 
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granted  Walpole  to  take  a  supply  from  this  source  should  cease. 
This  could  be  accomplished  by  including  Id  an  act  giving  Walpole 
the  right  to  take  water  from  any  source  within  its  limits  a  provi- 
sion that  the  right  of  the  town  of  Walpole  to  take  water  from  Trap- 
hole  Brook  shall  become  void  when  the  town  shall  have  selected 
some  other  source  of  water  supply  and  introduced  water  therefrom. 

The  results  of  the  investigations  referred  to  in  the  fore- 
going letter  of  advice  having  been  submitted,  the  Board  made 
a  further  reply  as  follows :  — 

Boston,  June  5, 1893. 
The  investigations  made  near  the  Neponset  River,  not  very  far 
above  the  Blackburn  water  privilege  and  just  below  Low  Brook,, 
stiowed  very  satisfactory  results  as  regards  the  porosity  of  the 
material,  the  freedom  with  which  water  could  be  pumped  from  the 
test  wells  and  the  quality  of  the  water.  Taking  these  results  in 
connection  with  an  examination  of  the  surrounding  territory  and 
the  size  of  the  streams,  the  Board  finds  no  reason  to  doubt  that  an 
ample  supply  of  excellent  water  can  be  obtained  from  a  well  or* 
wells  located  in  the  porous  material  in  this  vicinity. 

Waltham.  The  water  commissioners  of  Waltham  applied 
to  the  State  Board  of  Health  July  31,  1893,  asking  for  a  re- 
examination of  their  sources  of  water  supply,  and  for  the 
advice  of  the  Board  as  to  the  measures  requisite  to  improve 
the  quality  of  the  water  supplied  to  the  city,  and  to  prevent 
the  recurrence  of  the  offensive  tastes  and  odors  which  were 
liable  to  affect  it.     The  Board  replied  as  follows :  — 

BotTOK,  Dec.  22,  1883. 

An  examination  of  your  collecting  well  and  distributing  reservoir 
was  made  promptly  by  one  of  the  engineers  of  the  Board,  and 
samples  of  water  were  taken  for  analysis,  which  showed  that  the 
conditions  were  on  the  whole  substantially  the  same  as  they  were 
on  Oct.  8,  1892,  when  the  Board  replied  to  a  similar  application 
made  by  you,  and  advised  protecting  the  water  from  the  light  both 
at  the  well  and  at  the  distributing  reservoir.  The  results  of  these 
analyses  were  sent  you ;  and,  as  you  then  decided  to  proceed  at 
once  with  the  covering  of  the  well,  it  was  thought  best  to  defer 
making  the  formal  reply  until  it  was  feasible  to  include  in  it  the 
results  of  further  investigations,  to  ascertain  the  character  of  the 
water  entering  the  well  at  different  points  and  the  effect  of  covering 
the  well. 
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An  ezaminatioii  was  made  to  ascertain  the  temperature  of  the 
water  entering  the  well  at  the  bottom,  at  different  points  around  its 
circumference,  and  it  was  found  from  thirteen  obser\''ation8,  made  on 
Sept.  9,  1893,  that  the  average  temperature  of  the  water  entering 
the  well  was  55.7  degrees,  while  at  the  same  time  the  temperature 
of  the  river  water  was  68  degrees.  These  results  indicated  that  no 
large  proportion  of  the  water  filtered  from  the  river  by  any  very 
direct  course,  but  there  was  a  slight  difference  (3.4  degrees)  in  the 
temperature  of  the  water  at  different  points,  which  indicated  that 
there  might  be  a  difference  in  the  source  and  quality  of  the  water 
entering  different  parts  of  the  well.  An  attempt  was  therefore 
made  to  obtain  samples  of  water  entering  the  well  at  different 
points  at  the  bottom,  before  it  had  mingled  with  the  water  already 
in  the  well,  but  it  was  not  found  feasible  to  do  this. 

Since  the  well  has  been  covered  two  samples  of  water  have  been 
received  from  it,  one  collected  November  14,  and  the  other  Dec. 
12,  1893.  These  samples  are  entirely  free  from  the  microscopical 
organisms  which  were  always  found  in  the  well  before  it  was 
covered,  and  are  clear,  colorless  and  free  from  odor. 

It  is  now  feasible  for  the  first  time  to  ascertain  the  true  chemical 
character  of  the  water  which  enters  the  well,  because,  before  it  was 
covered,  its  character  changed  so  rapidly,  owing  to  the  vegetable 
growths  in  the  water,  as  to  materially  affect  the  results.  There  is 
nothing  in  the  present  analysis  of  the  water  to  indicate  that  it  is  at 
the  present  time  other  than  an  excellent  water  for  the  purposes  of 
a  public  water  supply.  The  free  ammonia,  however,  is  somewhat 
higher  than  it  would  be  in  a  water  which  had  received  the  highest 
degree  of  purification  by  filtering  through  the  ground,  and  it  will 
be  of  interest  to  observe  subsequent  analyses  qf.  the  water  to  see 
whether  this  constituent  increases  or  diminishes. 

With  regard  to  the  samples  from  the  distributing  reservoir  it  may 
be  said  that  they  show  that  the  water  in  the  reservoir  is  in  substan- 
tially the  same  condition  as  in  the  past,  and  that  it  contains  an 
abundant  growth  of  the  minute  vegetable  forms  which  give  the 
water  an  unpleasant  taste  and  odor. 

The  Board  would  therefore  repeat  its  advice  of  last  year,  that  by 
covering  your  present  reservoir  or  building  a  new  covered  reservoir, 
as  may  be  found  best,  you  provide  for  conveying  the  water  from 
the  source  to  the  water  consumers  without  permitting  it  to  be  ex- 
posed to  the  light  at  any  place. 

Webster.  The  water  commissioners  of  Webster  applied 
to  the  Board,  June  23,  1893,  for  its  advice  relative  to  taking 
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«  supply  of  water  from  the  ground  near  Lake  Chaubuna- 
gungamaug.     The  Board  replied  as  follows :  — 

Boston,  Oct.  6,  18M. 

The  State  Board  of  Health  has  considered  your  apptieation  with 
regard  to  a  proposed  water  sapply  for  the  town,  to  be  taken  from 
a  well  located  near  Lake  Chaabunagungamaog,  and  has  caused 
an  analysis  of  a  sample  of  water  from  a  test  well  at  the  site  of 
the  proposed  well  to  be  made,  also  an  examination  of  the  sur- 
rounding territory.  The  analysis  shows  that  the  water  is  very 
pure  and  soft. 

The  sample  probably  represented  water  which  was  percolating 
through  the  ground  toward  the  pond ;  while  if  a  large  quantity  of 
water  should  be  pumped*  from  the  ground  at  this  place,  it  is  prob- 
able that  a  part  of  it  would  be  derived  by  filtration  from  the  lake. 
Judging  from  the  experience  at  other  places  in  the  State,  the  water 
obtained  in  this  way  from  the  lake  would  be  so  thoroughly  changed 
in  itd  character  by  filtration  that  it  would  not  differ  to  any  notice- 
able extent  from  the  water  coming  to  the  well  from  the  land  side. 

Both  the  examination  of  the  ground  at  the  site  of  the  well,  made 
under  your  direction,  and  a  general  examination  of  the  surround- 
ing territory,  indicate  that  a  large  quantity  of  water  can  be  col- 
lected from  the  ground  at  this  place ;  and  if  the  supply  should 
prove  insufficient,  a  supplementary  supply  of  very  good  surface 
water  can  be  obtained  from  the  lake.  It  is  desirable,  however, 
that  a  full  supply  should  be  obtained  from  the  ground,  on  account 
of  the  better  quality  of  the  water  from  this  source. 

Westborough.  The  water  commissioners  of  West- 
borough  applied  to  the  Board  for  advice,  Sept.  26,  1892, 
relative  to  the  improvement  and  increase  of  the  public  water 
supply,  submitting  at  the  same  time  a  description  of  a  pro- 
posed plan.  The  chief  engineer  of  the  Board  visited  the 
town,  and  made  such  suggestions  as  seemed  necessary  for 
the  modification  and  improvement  of  the  plan,  and  a  new 
plan  was  submitted  to  the  Board,  Jan.  19,  1893.  The 
Board  replied  as  follows  :  — 

Boston,  Feb.  13, 1S93. 
Your  water  supply  is  now  derived  from  two  reservoirs,  the  upper 
one  a  storage  reservoir  of  considerable  size  and  the  lower  one  a 
smaller  basin  which  derives  its  supply  from  the  upper  one  by  the 
filtration  of  the  water  through  the  intervening  porous  ground. 
You  find  that  the  quality  of  this  filtered  water  is  very  much  better 
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than  that  of  the  water  in  the  upper  reservoir,  but  that  at  times  the 
quantity  is  not  sufficient  to  supply  all  of  the  water  needed,  and 
you  therefore  have  to  draw  some  of  the  water  directly  from  the 
upper  reservoir;  moreover,  the  upper  reservoir  sometimes  over- 
flows into  the  lower  one,  injuriously  affecting  the  quality  of  the 
water  in  it. 

What  is  now  desired,  therefore,  is  a  means  of  increasing  the 
supply  of  filtered  water  during  portions  of  the  year  and  a  means  of 
diverting  the  overflow  of  the  upper  reservoir  from  the  lower  one. 

The  plan  now  submitted  shows  a  contemplated  channel  for 
diverting  the  waste  water  from  the  upper  resen'oir  past  the  lower 
one,  and  with  the  accompanying  communication  explains  the  result 
of  certain  tests  which  have  been  made  with  reference  to  the 
present  conditions  under  which  water  is  now  filtering  from  one 
reservoir  to  the  other,  and  of  other  tests  made  to  determine  the 
means  by  which  the  filtration  may  be  facilitated. 

Judging  from  the  experiments  which  you  have  made,  it  seems 
quite  certain  that  a  material  increase  in  the  amount  of  filtered 
water  can  be  obtained  at  a  moderate  expense  by  digging  a  ditch 
with  sloping  sides  down  into  the  sand  and  gravel  at  the  shore  of 
the  upper  reservoir  between  the  dam  and  the  waste  way,  this  ditch 
to  be  separated  from  the  water  in  the  reservoir  by  an  embankment 
extending  above  high  water  mark.  This  ditch  should  also  be  di- 
vided into  sections,  each  of  which  should  communicate  with  the 
reservoir  by  means  of  a  pipe  provided  with  a  gate  by  which  the 
water  can  be  shut  off  during  those  portions  of  the  year  when 
enough  water  naturally  filters  through  the  ground,  or  when  it  be- 
comes necessary  to  clean  any  section  of  the  ditch  so  as  to  expose 
a  fresh  sand  surface.  The  pipe  and  bottom  of  the  ditch  should 
either  be  placed  at  the  lowest  practicable  level  in  the  beginning, 
so  that  the  system  will  operate  when  the  upper  reservoir  is  drawn 
down  several  feet,  or  they  may  be  placed  at  a  higher  level  in  the 
beginning  and  subsequently  lowered  when  the  water  recedes. 

The  experiments  show  that  a  ditch  of  this  kind  would  let  the 
water  into  the  ground  much  more  freely  than  it  now  gets  in  through 
the  nearly  impervious  material  at  the  bottom  of  the  reservoir. 

On  the  opposite  or  north  side  of  the  waste  way  a  similar  con- 
struction could  be  used  to  facilitate  the  filtration  of  water,  but  the 
ditch  should  be  placed  far  enough  back  from  the  edge  of  the  reser- 
voir so  that  it  will  be  wholly  in  clean  sand  or  gravel  below  the 
surface  of  the  water  in  the  reservoir. 

The  contemplated  filtering  drain,  intended  to  collect  water  from 
the  ground  and  discharge  it  into  the  lower  basin,  if  placed  with  its 
bottom  nearly  at  the  level  of  low  water  in  the  lower  basin,  would 
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nndoabtedly  increase  to  a  considerable  extent  the  quantity  of  fil- 
tered water.  To  avoid  the  danger  of  imperfect  filtration,  however, 
it  woald  be  desirable  to  limit  its  length  t6  150  feet  from  the  shore 
of  the  lower  basin  rather  than  to  make  it  285  feet  long,  as  shown 
upon  the  plan.  This  drain  should  connect  with  the  lower  basin  by 
a  pipe  provided  with  a  gate  so  that  it  can  be  shut  off  during  those 
portions  of  the  year  when  enough  water  naturally  filters  through 
the  ground,  and  thus  avoid  an  unnecessary  draft  upon  the  upper 
reservoir. 

The  new  channel  to  divert  the  overflow  from  the  upper  reservoir 
past  the  lower  basin  is  a  very  desirable  feature,  and  if  by  removing 
the  soil  and  fine  material  this  channel  can  be  prepared  so  that  all 
the  material  beneath  it  will  be  sand  or  gravel  it  may  also  be  feasible 
to  use  it  as  a  supplementary  filtration  area  in  cases  of  emergency. 
In  order  to  do  this  it  would  be  necessary  to  lay  a  pipe  to  bring 
water  from  the  upper  reservoir  to  the  channel,  and  to  erect  tem- 
porarily a  low  dam  near  its  lower  end. 

West  Springfield.  The  water  commissioners  of  West 
Springfield  applied  to  the  State  Board 'of  Health  May  1, 
1893,  for  its  advice  relative  to  taking  an  additional  wat€»r 
supply  from  certain  specified  sources  in  that  town  and  in 
Agawam.     The  Board  replied  as  follows :  — 

BosTOM,  Jane  1,  1888. 

The  State  Board  of  Health  has  considered  your  application  with 
regard  to  a  proposed  additional  water  supply  for  your  town,  includ- 
ing the  village  of  Mittineague,  which  is  at  too  high  a  level  to  be 
supplied  from  the  present  source.  You  have  called  the  attention 
of  the  Board  to  the  Craig  Spring  and  Silver  Stream,  which  can  be 
utilized  to  supply  the  village  of  Mittineague  by  pumping,  to  the 
Leonard  Brook  in  Agawam,  which  can  be  used  to  supply  a  portion 
of  the  lower  village  by  gravity,  to  the  Lathrop  Spring  and  Hyde 
Brook,  which  can  be  diverted  into  the  present  reservoir,  and  to  a 
more  distant  source,  viz.,  a  spring  and  brook  at  the  Bear  Hole, 
so-called,  in  the  north-westerly  part  of  the  town,  from  which  water 
would  have  to  be  supplied  by  pumping. 

All  of  these  sources  have  been  visited  by  the  engineer  of  the 
Board,  and  from  all  except  Silver  Stream  samples  of  water  have 
been  collected  and  analyzed,  and  copies  of  the  analyses  are  trans- 
mitted herewith,  together  with  the  average  analysis  of  water  from 
the  present  storage  reservoir  for  the  year  ending  in  May,  1888. 

The  Craig  Spring  will  furnish  a  soft  water,  and  one  of  very  good 
quality,  provided  it  is  collected  by  means  of  pipes  leading  to  a 
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well,  or  by  other  suitable  works,  without  exposure  to  the  light,  and 
when  pumped  is  stored  in  a  reservoir  which  is  also  covered  to 
exclude  the  light.  Care  would  also  have  to  be  taken  to  prevent 
any  contamination  by  surface  water  running  down  the  ravine  in 
which  the  spring  is  situated. 

The  water  of  the  Leonard  Brook  is  soft  and  of  very  good  quality. 

The  sample  of  water  from  the  Lathrop  Spring  was  necessarily 
collected  after  the  water  had  passed  through  a  rank  growth  of 
vegetable  matter,  which  may  have  affected  the  analysis  to  some 
extent.  This  water  is  harder  than  the  other  waters  examined. 
There  seems  no  reason  to  doubt,  however,  that  if  taken  directly 
from  the  ground  and  diverted  into  the  present  reservoir  it  would 
not  change  the  character  of  the  water  in  the  reservoir  enough  to  be 
objectionable. 

The  sample  from  Hyde  Brook  had  a  moderate  color,  indicating 
that  this  water  is  affected  to  some  extent  by  contact  with  vegetable 
matter  in  swampy  places.  At  the  time  the  sample  was  collected, 
the  water,  though  not  as  desirable  as  the  spring  waters,  would  be 
classed  as  a  fairly  good  water  for  all  purposes,  but  it  is  not  feas- 
ible to  tell  from  a  single  examination  in  the  spring  of  the  year 
what  the  character  of  this  water  would  be  in  summer. 

The  water  of  the  spring  at  the  Bear  Hole  is  of  excellent  quality, 
though  its  hardness  is  about  twice  that  of  the  present  water  supply. 
The  degree  of  hardness,  however,  is  not  great  enough  to  make  the 
water  objectionable  for  water  supply  purposes.  Bear  Hole  Brook, 
at  the  time  the  sample  was  collected,  was  receiving  the  overflow 
from  Ashley  Pond,  and  the  quantity  of  water  was  unusually  large. 
Under  these  circumstances  the  analysis  would  have  but  little  value 
as  an  indication  of  the  average  quality  of  the  water.  The  water 
had  less  color  than  Hyde  Brook,  but  contained  rather  more  organic 
matter.  The  degree  of  hardness  was  nearly  the  same  as  that  of 
the  water  from  the  spring  near  it. 

The  plan  proposed  by  you,  of  establishing  a  pumping  station  at 
the  Craig  Spring  and  supplementing  the  present  supply  to  the 
lower  village  by  introducing  water  from  Leonard  Brook,  and  con- 
necting the  Lathrop  Spring  with  the  present  reservoir,  has  the 
merit  that  it  will  add  to  the  present  supply  a  considerable  quantity 
of  very  good  water  by  a  comparatively  small  expenditure,  and  it 
may  be  wise  to  carry  out  this  plan.  The  Board  does  not,  however, 
have  sufficient  information  as  to  the  capacity  of  the  present  source 
in  very  dry  years,  or  as  to  the  amount  which  the  supplementary 
sources  will  furnish  in  such  years,  or  can  be  made  to  furnish  by 
the  construction  of  additional  storage  reservoirs,  to  enable  it  to 
advise  definitely  as  to  whether  it  is  better  to  carry  out  this  plan  to 
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make  the  Craig  Spring  and  the  present  reservoir  the  main  source 
of  supply,  to  be  supplemented  by  such  other  sources  in  the  vicin- 
ity as  will  supply  the  lower  village  by  gravity,  or  whether  it  is 
better  to  go  at  once  to  a  greater  distance  to  obtain  a  supplement- 
ary supply  from  a  source  which  will  furnish  a  larger  quantity  of 
water.  In  order  to  obtain  such  information  it  would  be  necessary 
for  you  to  employ  an  engineer  skilled  in  the  design  and  construc- 
tion of  water  works  to  make  a  more  complete  study  of  this  ques- 
tion, and  the  Board  advises  that  this  be  done. 

Whitman.  The  committee  on  water  supply  of  the  town 
of  Whitman  applied  to  the  Board,  April  12,  1893,  for  its 
advice  relative  to  a  public  water  supply  from  certain  specified 
sources  in  that  town  and  the  towns  of  Hanson  and  Pembroke. 
The  Board  replied  as  follows :  — 

Boston,  May  4, 1893. 

In  this  application  you  make  special  mention  of  Maquam,  Old- 
ham and  Big  Sandy  Bottom  Ponds  and  Silver  Lake.  The  Board 
has  caused  examinations  to  be  made  of  these  and  other  ponds  in 
the  vicinity.  Complete  chemical  and  microscopical  examinations 
have  been  made  of  samples  of  water  from  Maquam,  Oldham,  Fur- 
nace and  Big  Sandy  Bottom  Ponds  and  Silver  Lake,  and  less  com- 
plete examinations  of  samples  from  Indian  Head  Pond  and  Factory 
Pond  in  the  town  of  Hanson  and  Stetson's  Pond  in  the  town  of 
Pembroke.     Copies  of  these  analyses  are  transmitted  herevnth. 

The  water  of  Indian  Head  and  Factory  ponds  has  a  very  daik 
color,  and  in  other  respects  these  ponds  are  less  desirable  than 
some  of  the  others,  so  that  they  may  be  discarded  from  the  list  of 
desirable  sources.  Stetson's  Pond  presents  no  advantages  either 
as  to  the  quality  or  quantity  of  water  as  compared  with  Oldham 
Pond,  and  on  account  of  its  greater  distance  is  a  less  available 
source  for  Whitman. 

The  water  of  Maquam  Pond  is  practically  colorless  and  in  most 
other  respects  is  a  very  satisfactory  pond  water.  It  had,  however, 
at  the  time  of  the  examination  slightly  more  odor  after  standing  in 
a  bottle,  and  contained  a  greater  number  of  microscopical  organisms 
than  any  other  sample  of  which  a  complete  examination  was  made. 
All  surface  waters  contain  a  greater  or  less  number  of  these  minute 
organisms,  which  are  the  cause  of  the  odors  noticed,  and  both  the 
numbers  and  the  amount  of  odor  are  liable  to  vary  from  time  to 
time,  so  that  too  much  significance  should  not  be  attached  to  the 
comparisons  of  only  a  single  series  of  analyses.  It  is  not  feasible 
to  tell  from  the  information  at  present  available  whether  or  not 
Maquam  Pond  will  furnish  sufficient  water  to  meet  the  require- 
ments of  the  town  of  Whitman  even  in  the  near  future,  and  this 
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source  should  not,  therefore,  be  adopted  in  any  case  without  mak- 
ing provision  for  supplementing  the  supply  from  some  other  source 
when  necessary.  In  order  to  form  an  opinion  as  to  whether  this 
pond  will  furnish  enough  water  to  warrant  taking  a  supply  from  it 
in  the  beginning,  it  would  be  necessary  for  you  to  ascertain  by 
surveys  the  size  of  the  watershed  from  which  its  supply  is  derived, 
and  to  make  investigations  to  determine  how  much,  if  any,  water  is 
liable  to  be  lost  by  filtration  through  the  ground  into  other  ponds. 

Oldham  Pond  will  furnish  an  abundant  supply  for  the  town  for 
a  very  long  time  in  the  future,  and  the  analysis  indicates  that  the 
water  is  of  fairly  good  quality  at  the  present  time.  It  has  only  a 
moderate  amount  of  color  and  contains  about  the  usual  amount  of 
organic  matter,  and  in  its  present  condition  would  be  a  satisfactory 
water  for  all  purposes  of  a  public  water  supply,  though  not  as 
good  as  either  the  water  of  Maquam  Pond  or  Silver  Lake. 

The  analysis  of  a  sample  of  water  from  Furnace  Pond  differs 
but  little  from  that  of  a  sample  collected  from  Oldham  Pond,  but 
Furnace  Pond  has  no  advantages  which  should  lead  to  its  selection 
as  a  source  of  water  supply  for  Whitman. 

The  water  of  Silver  Lake  is  practically  colorless  and  in  other 
respects  it  is  a  better  water  than  any  other  of  the  waters  analyzed » 
This  would  undoubtedly  be  a  satisfactory  source  both  with  regard 
to  quantity  and  quality. 

Big  Sandy  Bottom  Pond  has  been  used  for  years  by  the  towns  of 
Abington  and  Rockland  and  has  proved  to  be  an  excellent  water. 
The  quantity  which  this  source  will  furnish  is  more  than  the  amount 
of  water  consumed  by  the  three  towns  of  Abington,  Rockland  and 
Whitman  at  the  present  time,  so  that  for  a  time  this  source  might 
be  sufficient  for  all  of  the  towns,  but  at  a  later  period  it  would  be 
necessary  either  to  supplement  the  supply  from  some  other  source 
or  for  one  of  the  towns  to  introduce  an  independent  supply. 

The  information  now  in  possession  of  the  Board  with  regard  to 
the  proposed  sources  of  water  supply  is  too  limited  to  enable  it  to 
advise  as  to  the  most  appropriate  source  for  the  town,  and  it  makes 
this  preliminary  reply  at  the  present  time  because  it  understands 
that  it  is  desired  for  use  at  a  town  meeting  to  be  held  soon.  The 
Board  would  advise  that  a  survey  be  made,  as  before  suggested,  to 
determine  the  size  of  the  watershed  of  Maquam  Pond,  and  that 
analyses  should  be  made  monthly  of  the  waters  of  Maquam  and 
Oldham  ponds  and  of  Silver  Lake  to  determine  the  relative  quality  of 
these  waters  throughout  the  summer.  The  State  Board  of  Health 
will  co-operate  with  you  by  causing  these  analyses  to  be  made  if 
you  will  collect  the  samples  of  water,  and  will  advise  you  further 
with  regard  to  the  proposed  sources  if  you  so  request. 
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Sewerage  and  Sewage  Disposal. 

The  following  is  the  substance  of  the  action  of  the  Board 
in  reply  to  applications  for  advice  relative  to  sewerage  and 
sewage  disposal :  — 

Andover.  The  sewer  commissioners  of  Andover,  having 
been  authorized  by  the  town  to  report  a  plan  of  sewerage  to 
the  town,  applied  to  the  State  Board  of  Health,  June  8, 
1893,  stating  that  before  reporting  a  general  plan  to  the 
town  they  desired  to  know  whether  such  a  plan,  involving 
the  discharge  of  crude  sewage  into  the  Shawsheen  River, 
would  be  approved  by  the  State  Board  of  Health.  The 
Board  replied  as  follows :  — 

Boston,  July  7,  1893. 
The  Board  is  of  opinion  that,  while  it  is  not  permissible  to 
discharge  the  sewage  of  any  large  portion  of  the  town  into  this 
river,  it  may  be  permissible  for  the  present  to  discharge  the  sew- 
age from  the  low  land  bordering  the  river  into  the  river  below  the 
dam  at  Frye  Village.  In  making  a  sewerage  plan,  therefore,  pro- 
vision should  be  made  for  carrying  as  much  of  the  sewage  of  the 
town  as  can  be  conveyed  by  gravity,  either  to  suitable  porous 
land,  where  it  can  be  purified  by  filtration  before  being  discharged 
into  the  Shawsheen  River,  or  to  the  Merrimack  River. 

Attleborough.  The  committee  on  drainage  of  the  town 
of  Attleborough  applied  to  the  State  Board  of  Health,  Jan. 
16,  1893,  for  its  advice  relative  to  **  the  drainage  of  that 
portion  of  the  village  and  town  located  on  the  watershed 
of  Thacher  Brook."    The  Board  replied  as  follows :  — 

Boston,  Feb.  6, 1893. 

The  plan  submitted  shows  the  general  character  of  the  proposed 
improvement,  which  provides  for  lowering  the  channel  of  Thacher 
Brook,  either  in  its  present  or  a  new  location,  and  the  substitution, 
for  a  portion  of  the  way,  of  a  covered  drain  for  the  open  channel. 

It  is  understood  from  the  statements  made  by  your  committee 
that  it  is  not  proposed  to  turn  any  sewage  into  this  channel,  but 
that  the  sewerage  system  when  constructed  will  convey  the  sewage 
in  separate  pipes  in  some  other  direction.  Your  committee  has 
also  indicated  that  it  is  very  desirable  to  lower  the  level  of  the 
ground  water  in  the  upper  part  of  the  Thacher  Brook  watershed 
and  near  the  central  portion  of  the  village,  in  order  to  avoid  damp 
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or  wet  cellars,  and  thereby  to  improve  the  sanitary  condition  of 
this  portion  of  the  town.  The  high  level  of  the  ground  water  in  this 
part  of  the  village  is  also  shown  upon  a  plan  previously  submitted 
to  the  Board  giving  the  level  of  the  ground  water. 

The  Board  finds  that  the  plan  now  proposed  is  one  to  be  com- 
mended. It  is  certainly  very  desirable,  for  sanitary  reasons,  that 
the  level  of  the  ground  water  in  the  built-up  portions  of  this  water- 
shed should  be  lowered,  and  it  is  wise  to  provide  for  the  improve- 
ment of  the  lower  portions  of  this  brook  before  the  design  and 
location  of  a  new  channel  are  hampered  and  the  cost  increased  by 
the  construction  of  streets  and  buildings  in  the  vicinity  of  the 
brook. 

In  addition  to  the  improvement  of  the  main  channel  the  plan 
also  indicates  where  branch  drains  emptying  into  the  brook  may  be 
built  in  the  streets  in  its  vicinity.  It  would  be  desirable  before 
constructing  these  drains  that  a  complete  system  of  sewerage 
should  be  designed  for  at  least  this  portion  of  the  town,  both 
because  the  level  of  the  ground  water  might  be  lowered  by  under- 
drains  placed  beneath  the  sewers,  thereby  rendering  separate 
drainage  channels  unnecessary,  and  because  the  drains  might 
otherwise  be  placed  at  such  a  height  as  to  interfere  with  the  proper 
grading  of  the  system  of  sewers.  These  suggestions  with  regard 
to  the  branch  drains  may  also  be  applicable  to  the  extreme  upper 
end  of  the  main  drain. 

Braintree.  The  committee  on  sewerage  of  Braintree 
applied  to  the  State  Board  of  Health  June  5,  1893,  for  advice 
relative  to  a  proposed  system  of  sewerage  for  that  town, 
and  as  to  the  comparative  merits  of  certain  areas  proposed 
for  sewage  disposal.     The  Board  replied  as  follows :  — 

Boston,  Jaly  6,  1883. 

In  this  application  you  outline  the  general  features  of  a  proposed 
system  for  collecting  the  sewage,  and  suggest,  as  a  method  of  dis- 
posal, pumping  it  to  land  where  it  can  be  purified.  You  then  ask 
that  the  Board  will  cause  the  different  tracts  of  land  which  are 
available  for  sewage  disposal  to  be  examined  at  as  early  a  day  as 
possible,  and  that  the  Board  advise  you  regarding  them. 

Three  tracts  were  called  to  the  attention  of  the  Board,  one  sit- 
uated on  the  north-westerly  side  of  Plain  Street,  just  north  of  the 
Plymouth  branch  of  the  Old  Colony  Railroad,  known  as  the  Plain 
Street  lot,  another  in  the  south-westerly  part  of  the  town,  known 
as  the  Mayflower  Park  lot,  and  a  third  in  the  north-westerly  por- 
tion of  the  town,  known  as  the  Collins  Farm  lot. 
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The  Collins  Farm  lot  is  unsuitable  for  this  purpose  on  account 
of  its  being  located  where  the  effluent  from  the  sewage  would  find 
its  way  both  into  the  present  water  supply  of  the  city  of  Quincy 
and  into  the  territory  from  which  this  city  was  authorized  by  the 
Legislature  in  1891  to  take  an  additional  water  supply. 

At  the  Plain  Street  lot  the  test  pits  indicated  that  the  material 
is  of  excellent  quality  for  filtering  sewage,  and  the  principal  objec- 
tions to  it  are  its  proximity  to  the  village  of  South  Braintree  and 
the  limited  area  of  suitable  land  which  is  available  at  this  place. 
It  is  also  an  objection  to  this  lot,  though  to  a  less  extent  than  to 
the  others,  that  it  requires  the  sewage  to  be  pumped  a  long  dis- 
tance from  the  lowest  point  in  the  town  (where  a  pumping  station 
would  naturally  be  located) ,  and  to  quite  a  high  elevation. 

At  the  Mayflower  Park  lot  the  test  pits  indicated  that  in  addi- 
tion to  the  coarser  sand  and  gravel  there  were  layers  of  very  fine 
sand,  which,  while  not  preventing  the  use  of  the  lot  for  the  filtra- 
tion of  sewage,  would  require  it  to  be  applied  in  smaller  quantities 
per  acre,  and  would  therefore  require  a  greater  amount  of  land  to 
dispose  of  the  sewage.  The  principal  objections  to  the  lot  are  its 
proximity  to  several  houses,  its  limited  area  and  the  very  great 
distance  which  the  sewage  would  have  to  be  pumped  to  reach  it. 

The  amount  of  land  required  to  purify  the  sewage  of  Braintree 
by  intermittent  filtration  would  depend  both  upon  the  quality  of 
the  land  and  upon  the  amount  of  sewage.  In  a  general  way  it 
may  be  said  that  from  6  to  10  acres  of  filter-beds  would  meet  all 
requirements  for  a  few  years,  and  that  it  is  desirable  to  have  not 
less  than  20  or  30  acres  in  all  to  provide  for  future  growth.  It 
does  not  seem  probable  that  this  amount  of  land  can  be  made  avail- 
able at  either  the  Mayflower  Park  or  the  Plain  Street  location. 

As  a  general  result  of  this  preliminary  examination  the  Board  is 
of  opinion  that,  before  adopting  either  of  the  tracts  brought  to  its 
attention,  it  would  be  advisable  for  the  town  to  cause  examinations 
to  be  made  to  ascertain  if  a  more  satisfactory  disposal  of  the  sew- 
age cannot  be  effected  by  discharging  it  into  the  sea  at  some  suit- 
able outlet.  The  nearness  of  the  village  of  Weymouth  to  the 
lowest  point  in  Braintree  suggests  that  the  interests  of  both  com- 
munities might  be  served  by  united  action  by  the  towns  of  Wey- 
mouth and  Braintree  in  the  construction  of  an  outlet  to  the  sea ; 
bat  even  if  it  should  be  built  by  Braintree  alone  it  may  be  cheaper 
and  more  satisfactory  than  the  disposal  of  the  sewage  upon  any  of 
the  areas  examined  up  to  the  present  time. 

Brockton,  The  sewerage  commissioners  of  Brockton 
applied  to  the  Board,  Sept.  14,  1892,  for  its  advice  relative 
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*  to  the  proposed  plan  of  sewerage  and  sewage  disposal  for 
that  city.  The  completed  plan  was  submitted  Jan.  10,  1893. 
The  Board  replied  as  follows  :  — 

Boston,  Feb.  2, 1893. 

The  general  features  of  the  plan  submitted  are,  first,  a  system 
of  sewers  within  the  city  designed  to  take  sewage  only,  and  from 
which  the  ground  water  is  to  be  excluded,  both  by  placing  an 
underdrain  beneath  each  sewer  to  remove  the  ground  water,  and  by 
thorough  construction  to  make  the  joints  of  the  sewers  water-tight ; 
second,  a  pumping  station  in  the  southerly  part  of  the  city  to  lift 
the  sewage  from  a  receiving  reservoir  into  which  the  main  sewer 
empties  and  which  will  store  the  sewage  flowing  through  the  night, 
and  force  it  through  an  iron  pipe  to  the  Muster  Field,  so  called  ; 
third,  a  series  of  fllter-beds  covering  an  area  of  about  23  acres 
upon  that  portion  of  the  field  lying  within  the  limits  of  the  city  of 
Brockton. 

The  exclusion  of  all  storm  water  from  the  sewers,  as  proposed 
by  you,  is  undoubtedly  the  best  course  to  adopt  on  account  of  the 
smaller  sizes  of  the  sewers  required  and  the  less  quantity  of  sewage 
to  be  stored,  pumped  and  puriQed.  The  proposition  to  place 
underdrains  beneath  each  sewer  so  as  to  remove  the  ground  water 
and  prevent  it  from  entering  the  sewers  is  also  to  be  commended 
for  the  same  reason,  and  because  of  the  great  improvement  in  the 
sanitary  conditions  within  the  city,  which  will  result  from  lowering 
the  ground-water  level.  Judging  from  the  experience  in  other 
places  it  is  probable  that  if  these  underdrains  were  omitted  so  much 
ground  water  would  find  its  way  into  the  sewers  that  the  amount 
of  sewage  to  be  taken  care  of  would  be  doubled  or  trebled,  which 
would  require  a  corresponding  increase  in  the  capacity  of  the  main 
sewers,  receiving  reserv'olr,  pumping  plant  and  force  main,  and  a 
considerably  larger  area  of  filter-beds.  It  would  also  increase  the 
annual  cost  of  pumping,  all  of  which  would  offset  in  part,  if  not 
wholly,  the  additional  cost  of  the  system  of  underdrains. 

It  is  obvious  that  the  pumping  station,  if  located  within  the  city 
limits,  cannot  with  advantage  be  moved  much,  if  any,  from  its 
present  location.  The  proximity  of  dwellings  will,  however,  make 
it  necessary,  in  order  that  there  may  be  no  offence  in  the  neigh- 
borhood, to  provide  for  ventilation  into  the  chimney  from  the 
tank,  receiving  reser\'oir,  sewer,  pump-well,  and  all  other  places 
from  which  offensive  odors  might  be  given  off,  and  to  make  all 
other  necessary  provision  to  prevent  offence  from  any  of  the  opera- 
tions carried  on  at  the  pumping  station.  It  is  understood  that 
these  matters  have  already  been  carefully  considered  in  the  prepa- 
ration of  your  plans.     With  due  care  in  designing  and  maintain- 
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iiig  the  works,  the  Board  is  of  opinion  that  a  pumping  station 
fihould  not  be  a  source  of  offence  to  the  neighborhood. 

The  provision  of  an  overflow  from  the  receiving  reservoir  and 
of  blowK>ffs  from  depressions  in  the  force  main,  where  it  crosses 
under  the  Salisbury  Plain  and  Coweeset  rivers,  is  a  wise  precau- 
tion ;  but  these  should  be  considered  only  as  a  provision  for  unfore- 
seen emergencies  and  should  never  be  used  in  the  ordinary 
operation  of  the  works. 

The  ground  where  the  filter-beds  are  to  be  located  has  been  very 
tboroughly  examined  by  means  of  test  pits.  The  material  is  of 
excellent  quality  for  the  filtration  of  sewage  and  the  water  level 
in  the  ground  is  at  a  considerable  distance  below  its  surface. 
These  natural  features,  together  with  the  careful  manner  in  which 
it  is  proposed  to  construct  the  beds  and  their  appurtenances,  will 
permit  them  to  be  used  for  the  disposal  of  an  unusually  large 
Amount  of  sewage. 

It  has  also  been  found,  since  the  water  supplied  to  the  city  has 
been  pumped,  and  therefore  measured,  that  the  amount  of  water 
consumed  per  inhabitant  is  unusually  small ;  and  the  amount  of 
«ewage  will  also  be  unusually  small,  in  proportion  to  the  popula- 
tlon,  if  the  ground  water  is  kept  out  of  the  sewers,  as  is  now 
proposed. 

All  of  these  facts  lead  the  Board  to  conclude  that  the  area  to  be 
Qsed  for  filtration,  although  smaller  than  it  is  customary  to  recom- 
mend, will  be  sufficient  for  at  least  the  first  few  years  of  the  oper- 
ation of  the  works,  after  which  it  will  be  necessary  to  extend  the 
area. 

The  land  in  Brockton,  lying  easterly  of  the  proposed  filter-beds, 
which  slopes  from  Pearl  Street  to  the  cranberry  meadow,  might  be 
used  to  a  limited  extent  for  filtering  sewage,  but  the  test  pits  show 
that  layers  of  an  impervious  clayey  material  are  found  in  many 
places  at  from  3}  to  6^  feet  below  the  surface  and  that  the  water 
stands  in  the  ground  much  nearer  the  surface  than  on  the  other 
^de  of  the  street.  This  land  could  only  be  used  to  dispose  of  a 
comparatively  small  amount  of  sewage.  The  land  in  Brockton 
north  of  and  across  Daley  Brook  from  the  proposed  filter-beds  is 
better  than  that  on  the  easterly  side  of  Pearl  Street  but  not  as 
^ood  as  that  where  the  filter-beds  are  located.  This  land  would 
he  fairly  well  adapted  for  the  filtration  of  sewage. 

The  best  land  in  this  vicinity  for  the  extension  of  the  filter-beds 
lies  Just  west  of  them,  within  the  limits  of  the  town  of  Easton. 
This  land  is  similar  in  character  to  that  where  the  filter-beds  now 
proposed  are  located  and  is  superior  in  quality,  topography,  char- 
acter of  material  and  distance  from  habitations  to  the  land  either 
•east  or  north  of  them. 
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Since  the  proposed  plan  involved  the  taking  of  certaia 
land  within  the  limits  of  the  city,  further  action  of  the 
Board  was  required  under  the  provisions  of  chapter  124  of 
the  Acts  of  1890.  A  public  hearing  was  therefore  held  by 
the  Board,  after  which  the  following  reply  was  sent  to  the 
mayor  of  Brockton :  — 

Boston,  April  17, 1893. 

The  State  Board  of  Health  has  received  your  petition  dated 
March  25,  1893,  made  in  behalf  of  the  city  of  Brockton  under  the 
authority  of  chapter  124  of  the  Acts  of  1890,  entitled  ^' An  Act 
providing  for  the  purchase  or  taking  of  land  by  cities  and  towns* 
for  the  purification  and  disposal  of  sewage,"  asking  the  Board  to 
approve  the  purchase  or  taking  by  said  city  of  certain  lands  in 
Brockton  for  the  purification  and  disposal  of  its  sewage.  Said 
lauds  are  described  in  said  petition  and  shown  on  an  accompany- 
ing plan,  as  follows:  **24  acres  and  128.9  rods,  being  lands  of 
Charles  C.  Manley ;  20  acres  and  58.7  rods,  being  lands  of  heirs 
of  Salmon  Copeland ;  1  acre,  being  lands  of  David  Frost ;  2  acrea 
and  73.28  rods,  being  lands  of  Milo  Manley;  121.77  rods,  being 
lands  of  Augustus  Bemick ;  2  acres  and  70.25  rods,  being  lands  of 
George  Howard." 

In  response  to  this  petition  the  Board  gave  a  public  hearing  at 
its  office  in  Boston,  on  April  10,  1893,  after  due  notice  of  said 
hearing  by  publication  in  the  Brockton  '^  Enterprise  "  and  Brock- 
ton ^^  Dispatch."  Having  thus  complied  with  the  requirements  of 
the  law  the  Board  after  due  consideration  herewith  approves  the 
purchase  or  taking  of  the  premises  described  in  said  petition  and 
shown  upon  the  plan  which  accompanied  it. 

Framingham.  The  selectmen  of  Framingham  applied  to 
the  Board  for  advice  relative  to  a  proposed  plan  for  the  dis- 
posal of  the  water  of  the  underdrain  of  the  sewerage  system 
of  South  Framingham,  by  pumping  and  fiinal  discharge  into 
Bannister  Brook.     The  Board  replied  as  follows :  — 

Boston,  Feb.  6, 1893. 
Your  application  to  the  State  Board  of  Health  dated  Jan.  23^ 
1893,  for  advice  with  regard  to  the  disposal  of  the  water,  which  is 
now  discharged  from  the  underdrain  beneath  the  Framingham 
sewers  into  the  water  supply  of  Boston,  by  pumping  this  water  into 
Bannister  Brook  at  a  point  north  of  Hartford  Street,  beyond  the 
watershed  from  which  said  supply  is  derived,  has  been  carefully 
considered 
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The  opinion  of  the  Board  with  regard  to  the  desirability  of 
diverting  this  water  from  the  water  supply  of  Boston  has  already 
been  given  in  its  reply  to  the  Board  of  Selectmen  of  Framingham 
dated  Sept.  2,  1890. 

With  regard  to  the  method  of  disposal  now  proposed,  the  princi- 
pal features  from  a  sanitary  stand-point  are  the  open  reservoir  near 
the  pumping  station,  in  which  is  to  be  stored  the  water  from  the* 
underdrain  during  the  night  or  at  such  other  times  as  the  pumps 
are  not  in  operation,  and  the  location  of  the  final  point  of  dis- 
charge. While  it  is  not  probable  that  the  open  reservoir  will  prove 
objectionable  in  any  way  yet  the  Board  considers  it  advisable  that 
it  should  be  made  as  small  as  is  consistent  with  a  fair  degree  of 
economy  in  pumping.  The  capacity  stated  in  the  report  which) 
accompanied  the  application  seems  unnecessarily  large. 

With  regard  to  the  final  disposal  of  the  water  from  the  under- 
drain by  discharging  it  into  the  upper  end  of  Bannister  Brook 
north  of  Hartford  Street,  and  beyond  the  watershed  from  whicb 
the  city  of  Boston  derives  its  supply,  the  Board  is  of  opinion 
that  this  method  of  disposal  is  permissible  for  the  present ;  but  if 
the  character  of  the  water  should  deteriorate  it  may  become  neces- 
sary to  discharge  it  upon  a  small  filtering  area,  and  it  would  be 
well  to  have  the  outlet  where  two  or  three  acres  of  suitable  filtering, 
material  may  be  secured. 

HoLYOKE.  The  mayor  of  Holyoke  applied  to  the  State 
Board  of  Health,  Feb.  13,  1893,  for  advice  relative  to  a 
system  of  sewerage  and  sewage  disposal  for  the  villages  of 
Elmwood,  Oakdale  and  Springdale,  having  an  outlet  into  the 
Connecticut  River,  opposite  the  trotting  park  in  the  lower 
part  of  the  city.     The  Board  replied  as  follows :  — 

Boston,  March  2«  1893. 
The  Board  is  of  the  opinion  that  the  sewage  of  these  sections  of 
your  city  may  for  the  present  be  discharged  into  the  river  at  the 
place  indicated,  but  advises  that  the  lower  portion  of  the  sewer 
should  be  so  designed  and  constructed  that  the  dry  weather  flow 
will  be  carried  well  out  into  the  river  by  means  of  a  pipe  of  moder- 
ate size  leading  from  the  bottom  of  the  sewer,  thereby  preventing^ 
the  fouling  of  the  shore. 

Leicester.  The  water  commissioners  of  the  water  sup- 
ply district  of  Leicester  applied  to  the  Board,  Jan.  23,  1893, 
for  advice  as  to  a  plan  of  sewerage  and  sewage  disposal  for 
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the  village  of  Leicester.  At  a  later  date,  March  1,  they 
submitted  a  legislative  document  (House  Document  385), 
stating  that  the  committee  on  drainage  requested  that  the 
bill  accompanjdng  the  petition  of  the  commissioners  should 
be  accompanied  with  the  advice  of  the  State  Board  of 
Health.    The  Board  replied  to  this  application  as  follows  : — 

Boston,  March  3,  1893. 

In  reply  to  your  request  of  March  1 ,  relative  to  the  application 
dated  Jan.  23,  1893,  of  the  Leicester  Water  Supply  District,  for 
advice  in  the  matter  of  the  disposal  of  the  sewage  of  said  district, 
the  Board* would  state  that  it  will  be  impracticable  to  advise  until 
the  snow  disappears,  so  that  a  proper  examination  of  the  ground 
ean  be  made. 

With  regard  to  the  other  matter  mentioned,  namely,  the  bill 
(House  Document  No.  385)  extending  the  authority  of  the  water 
commissioners  of  the  district  so  that  they  shall  also  be  a  board  of 
commissioners  of  main  drains,  common  sewers,  sidewalks  and 
cross-walks,  and  providing  that  the  district  may  raise  money  for 
carrying  out  the  provisions  of  the  act,  the  principal  object  appears 
to  be  to  confer  powera  upon  the  district  and  its  water  commission- 
ers with  regard  to  the  construction  of  main  drains,  common  sew- 
ers, sidewalks  and  cross-walks,  similar  to  those  already  possessed 
by  towns  and  their  selectmen.  So  far  as  the  bill  provides  for  the 
transfer  of  powder  from  the  town  and  its  selectmen  to  the  district 
and  its  water  commissioners,  the  Board  does  not  consider  it  within 
its  province  to  advise. 

In  looking  at  the  provisions  of  the  bill  in  other  respects,  it  is 
noticed  that  while  it  provides  for  the  construction  of  main  drains 
and  common  sewers,  and  for  taking  the  land  which  may  be  neces- 
sary therefor,  it  does  not  authorize  the  construction  of  sewage 
disposal  works  or  the  taking  of  land  for  this  purpose  should  the 
purification  of  the  sewage  be  found  necessary.  The  Board  would 
therefore  suggest  that  the  bill  might  with  advantage  be  modified  so 
as  to  give  the  required  authority  in  these  respects,  and  herewith 
transmits  a  copy  of  the  bill  with  suggested  modifications  to  accom- 
plish this  result. 

Should  the  Committee  on  Drainage  think  it  advisable  to  limit  the 
power  granted  to  the  water  supply  district  with  a  view  to  prevent- 
ing any  improper  disposal  of  the  sewage,  it  might  require  the 
system  of  sewerage  adopted  and  the  land  taken  for  sewage  disposal, 
should  any  be  required,  to  be  subject  to  the  approval  of  the  State 
Board  of  Health.  This  might  be  accomplished  by  adding  after  the 
word  *'  therefore  "  in  section  5,  line  8  :  — 
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Provided,  however,  that  any  system  or  systems  of  sewerage,  drainage 
or  sewage  disposal  constracted  mider  the  provisioos  of  this  act  shall  be 
in  general  accordance  with  some  plan  or  plans  approved  by  the  State 
Board  of  Health,  and  no  land  shall  be  taken  for  sewage  disposal  pur- 
poses without  the  approval  of  said  Board. 

The  Committee  on  Drainage  may  also  desire  to  restrict  the  terri- 
tory within  which  land  can  be  taken,  by  adding  after  the  word 
^^  land/'  in  section  5,  line  7,  the  words  ^*  within  the  limits  of  the 
town  of  Leicester." 


The  final  reply  of  the  Board  relative  to  this  plan  of  sewage 
disposal  was  as  follows :  — 

Boston,  June  1, 1893. 

The  situation  of  the  village  upon  the  hill  is  such  that  nearly  all 
of  the  sewage  can  be  carried  by  a  single  system  to  the  westerly 
side  of  the  town  in  the  vicinity  of  Rawson  Brook,  so  called,  or  it 
is  feasible  to  provide  two  systems,  one  of  which  would  convey  the 
sewage  of  rather  more  than  half  of  the  village  to  the  above  indi- 
cated location  on  the  westerly  side  of  the  town,  while  the  other 
would  take  the  sewage  from  the  remainder  of  the  village  in  an 
easterly  direction.  An  examination  of  the  whole  territory  indi- 
cated that  it  would  be  well  to  take  as  much  sewage  as  possible  in 
a  westerly  direction  to  a  point  near  the  Rawson  Brook. 

After  considering  all  of  the  conditions  affecting  the  discharge  of 
the  sewage  into  Rawson  Brook,  the  Board  has  reached  the  conclu- 
sion that  such  discharge  should  not  be  permitted  even  in  the 
beginning  until  the  sewage  had  been  at  least  partially  purified  by 
the  removal  of  the  greater  portion  of  the  suspended  matter.  In 
the  future  a  more  complete  purification  of  the  sewage  may  be 
found  necessary. 

The  best  method  of  purification  cannot  be  determined  without 
a  more  extended  examination  of  the  ground  than  it  is  feasible  for 
this  Board  to  have  made,  and  your  town  is  therefore  advised  to 
employ  a  competent  engineer  to  make  the  necessary  surveys  and 
devise  a  system  for  the  purification  of  the  sewage  to  at  least  the 
extent  above  indicated.  The  Board  will  advise  further  with  regard 
to  such  system  when  the  plans  are  submitted  by  you. 

Where  sewage  is  to  be  purified  the  smaller  the  amount  of  water 
to  be  taken  care  of,  the  less  the  diflSculty  of  purification.  The 
Board  therefore  commends  your  plan  for  adopting  a  system  of 
sewers  from  which  all  storm  water  is  to  be  excluded,  and  would 
further  advise  the  exclusion  of  as  much  ground  water  as  it  is  feas- 
ible to  exclude. 
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The  town  of  Leicester,  having  obtained  an  act  from  the 
Legislature  requiring  the  approval  of  its  plans  by  the  State 
Board  of  Health  (chap.  181,  Acts  of  1893),  submitted  plans 
to  the  Board,  June  30,  1893,  a  statement  of  which,  together 
with  the  approval  of  the  Board,  are  as  follows :  — 

Boston,  Dec.  30, 1893. 

Under  the  provisious  of  chapter  181  of  the  Acts  of  1893,  en- 
titled ^^  An  Act  to  authorize  the  Leicester  Water  Supply  District 
to  construct  and  maintain  a  system  of  sewerage  and  drainage," 
the  State  Board  of  Health  received  from  you  on  June  30,  1893, 
a  written  statement  of  yoar  plan  for  the  sewerage  of  the  village 
of  Leicester.  This  statement  of  your  plan,  as  subsequently 
amended  and  submitted  in  a  new  draft  dated  Dec.  22,  1893,  is  as 

follows :  — 

13  Beacon  Street,  Boston,  Mass. 
To  the  State  Board  of  Health. 

The  water  commissioners  of  the  Leicester  Water  Supply  District 
having  received  your  reply  of  June  1,  1893,  to  their  application 
for  advice  in  relation  to  the  disposal  of  the  sewage  of  the  village 
of  Leicester,  submit,  for  your  approval,  the  following  plans  for  its 
disposal. 

In  accordance  with  your  suggestion,  we  propose  to  carry  the 
sewage  as  far  as  possible  to  the  westerly  side  of  the  village,  and 
remove  all  the  organic  matter  in  suspension,  so  far  as  practicable, 
before  discharging  the  effluent  into  Rawson  Brook. 

To  accomplish  this  end,  the  separate  water  carriage  system  is  to 
be  adopted,  to  the  extent  of  excluding  all  street  or  storm  water, 
roof  water  and  ground  water,  so  far  as  feasible,  the  sewers  to  be 
flushed  only  when  necessary  with  clean  water  from  the  mains. 

The  suspended  matter  is  to  be  removed,  as  far  as  practicable, 
by  allowing  the  heavier  portion  to  settle  in  the  tank  (to  be  hereafter 
described),  and  by  mechanical  straining,  if  necessary,  of  the 
lighter  part. 

In  order  that  the  effluent  may  contain  the  smallest  possible 
quantity  of  organic  matter  in  solution,  the  separation  is  to  be 
effected  while  the  sewage  is  fresh. 

The  natural  conditions  of  the  location  of  the  village  on  the  slope 
of  a  hill  are  to  be  utilized  as  far  as  practicable  by  laying  the  sewers 
in  accordance  with  approved  forms  of  sewerage  construction,  to 
line  and  grade,  with  manholes  at  material  changes  of  line  and 
grade,  at  points  of  intersecting  sewers,  and  wherever  necessary, 
so  as  to  insure  easy  cleaning  out,  and  the  most  rapid  flow  and  con- 
centration of  the  sewage  to  the  point  of  disposal. 
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For  this  purpose,  8-inch,  9-iiich  and  10-inch  Akron  salt-glazed 
pipe  is  to  be  used.     Ground  water  is  to  be  excluded  by  using  cast- 
iron  pipe  when  crossing  wet,  swampy  land  not  easily  drained  out- 
*side  of  the  highway,  and  by  carefully  making  the  joints  and 
plugging  the  branches  for  particular  sewers. 

All  the  sewage  for  the  present  is  to  be  collected  at  a  point  on 
Pine  Street,  1,100  feet  south  of  Main  Street,  and  thence  carried  in 
a  10-inch  pipe,  laid  at  a  grade  of  about  0.4  per  cent.,  in  a  south- 
westerly direction,  as  shown  by  an  accompanying  plan,  a  distance 
of  about  1 ,250  feet,  to  the  top  of  a  small  knoll,  and  there  discharged 
into  a  settling  tank. 

This  tank  is  to  be  built  either  of  brick  or  field  stone,  laid  in 
cement  mortar  and  plastered  on  the  inside.  It  is  to  be  covered 
with  a  roof  or  building.  It  is  to  contain  not  less  than  600  cubic 
feet  of  sewage. 

The  overflow  pipe  from  the  tank  is  to  be  on  the  opposite  side 
from  where  the  sewage  enters,  and  provision  is  to  be  made  for 
breaking  the  force  of  the  stream  which  enters  the  tank,  so  as  to 
make  the  sewage  flow  quietly  through  it,  and  for  preventing  the 
floating  scum  from  passing  out  through  the  overflow  pipe. 

The  sewage  passing  from  the  tank  is  to  be  further  purified  as  far 
as  practicable  by  flowing  it  over  land,  or  through  a  series  of  ditches, 
to  Bawson  Brook ;  but  provision  will  be  made  so  that  the  sewage 
will  not  have  to  run  continuously  in  any  one  channel. 

At  the  bottom  of  the  tank  an  8-inch  gate  connection  with  an  8- 
inch  pipe  is  to  be  laid  at  a  down  grade  of  about  one  foot  to  the 
hundred  to  the  point  of  discharge.  Through  this  pipe  the  sewage 
or  sludge  which  settles  at  the  bottom  of  the  tank  is  to  be  discharged 
once  or  twice  a  week,  as  may  be  necessary,  upon  ground  thoroughly 
underdrained  and  levelled,  so  as  to  have  a  slight  downward  pitch 
from  the  point  of  discharge.  This  ground  is  to  be  ridged  around 
the  outer  edge,  so  that  the  sludge  may  be  distributed  somewhat 
evenly  over  the  surface.  After  the  water  which  it  contains  has 
percolated  through  the  drained  surface,  the  solid  refuse  is  to  be 
carted  away.  Two  or  three  beds  of  this  kind  will  be  prepared  to 
be  used  alternately,  and  provision  will  be  made  for  discharging  the 
sludge  brought  by  the  8-inch  pipe  upon  them. 

By  extending  the  8-inch  pipe  further  in  a  southerly  direction, 
other  sludge  beds  can  be  prepared  when  necessary  to  meet  future 
requirements. 

It  is  proposed  to  acquire  the  knoll  or  ridge  upon  which  the  tank 
is  to  be  located,  and  other  knolls  or  ridges  southwesterly  therefrom, 
and  all  of  the  land  between  these  knolls  or  ndges  and  Bawson 
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Brook,  for  the  disposal  of  the  sewage,  and  to  purify  the  sewage 
upon  this  land  as  far  as  it  may  be  found  practicable  to  do  so. 

(Signed)  H.  O.  Smith, 

C.  W.  Warren, 

D.  Bemis, 

Water  Commisaioners, 
Leicester,  Dec.  22, 1893. 

The  Board  has  caused  a  careful  examination  of  the  foregoing- 
plan  submitted  by  you  to  be  made,  and  hereby  approves  said  plan. 

NoBTH  Brookfield.  The  selectmen  of  North  Brook- 
field  applied  to  the  State  Board  of  Health,  July  23,  1893^ 
for  advice  relative  to  an  extension  of  their  existing  system 
of  sewerage  and  to  an  improved  method  of  sewage  disposals 
The  Board  replied  as  follows :  — 

Boston,  Sept.  8,  1893. 

The  plan,  as  set  forth  by  the  application  and  plans  submitted,, 
provides  for  the  extension  of  the  present  main  sewer  to  the  north- 
erly end  of  the  town  farm,  the  lower  portion  of  said  sewer  to  be 
an  inverted  siphon  of  iron  pipe.  At  the  outlet  of  the  siphon  a 
settling  tank  is  shown,  and  provision  is  made  for  cleaning  it  by 
discharging  its  contents  through  an  8-inch  pipe  extending  from 
the  bottom  of  the  tank  down  the  hill  to  a  sludge  bed.  The  plan 
also  shows  another  pipe  extending  down  the  hill,  to  serve  as  a 
main  carrier  of  a  system  for  distributing  the  settled  sewage.  The 
other  carriers  are  not  shown,  but  it  is  understood  that  they  are  U> 
consist  of  ditches  dug  along  the  hillside,  and  having  only  a  slight 
slope  from  the  main  carrier  to  their  lower  ends.  It  is  further 
stated  that  the  sewage  can  be  turned  upon  about  17  acres  of  mow- 
ing and  tillage  land  of  a  sandy  nature,  and  thus  dispose  of  the 
same  by  broad  irrigation,  and  that  there  is  other  land  upon  the 
town  farm  which  could  be  easily  used  in  the  future  if  necessary. 
The  quantity  of  sewage  at  present  is  said  to  be  about  50,000  gal- 
lons per  day. 

Under  the  conditions  which  exist  in  the  present  case  it  is  advis- 
able to  screen  the  sews^e,  rather  than  to  settle  it,  and  thus  avoid 
the  possibility  of  producing  offensive  odors  when  the  contents  of 
the  settling  tank  are  discharged  upon  the  sludge  bed.  The  in- 
verted siphon  can  undoubtedly  be  made  to  operate  as  now  pro- 
posed, but  it  would  be  a  desirable  safeguard  to  adopt,  to  place 
screens  above  the  entrance  of  the  siphon,  and  thus  prevent  any 
large  substances  from  getting  into  it.  The  satisfactory  operation 
of  the  siphon  would  also  be  further  insured  by  constructing  an 
automatic  flush  tank  above  it,  so  that  the  sewage,  instead  of  flow- 
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ing  throagh  it  continuously  in  a  sluggish  stream,  would  pass 
throQgh  intermittently  with  a  high  velocity,  and  thus  prevent  the 
formation  of  putrefying  deposits  in  the  pipe.  This  intermittent 
discharge  of  the  sewage  would  also  facilitate  its  distribution  over 
the  land.  The  use  of  screens  may  be  objected  to  on  the  ground 
that  they  will  require  excessive  attention,  but  this  objection  can 
be  overcome  to  a  large  extent  by  providing  a  very  large  screen 
area. 

The  changes  as  suggested  would  tend  to  decrease  the  cost  of 
the  work,  as  the  screen  chamber  and  flush  tank  should  not  cost 
any  more  than,  if  as  much  as,  the  proposed  settling  tank,  sludge 
pipe  and  sludge  bed ;  and  by  screening  the  sewage  so  that  no 
large  subetances  would  enter  the  siphon  pipe  it  would  be  feasible 
to  reduce  the  diameter  of  this  pipe  to  8  inches. 

With  the  present  knowledge  with  regard  to  sewage  disposal 
there  would  be  a  greater  certainty  of  success  if  the  sewage  was 
discharged  upon  beds  prepared  upon  the  most  porous  part  of  the 
town  land  and  disposed  of  by  intermittent  filtration.  The  proper 
preparation  of  these  beds  would  include  the  removal  of  the  black 
and  yellow  loam  at  the  surface  and  the  grading  of  the  beds,  so 
that  the  sewage  could  be  evenly  distributed  upon  them.  It  is 
probable,  however,  that,  with  the  small  quantity  of  sewage  to  be 
taken  care  of,  satisfactory  results  may  be  obtained  by  the  system 
of  broad  irrigation  proposed  by  the  town,  and  with  less  expense 
than  by  intermittent  filtration,  and  the  Board  therefore  thinks  it 
proper  that  the  town  should  begin  to  dispose  of  the  sewage  by 
broad  irrigation.  It  would  advise,  however,  that  even  in  the  be- 
ginning, several  small  beds,  having  an  aggregate  area  of  not  less  than 
one-half  an  acre,  should  be  carefully  prepared  for  intermittent  filtra- 
tion by  the  removal  of  the  soil,  for  use  at  times  when  it  is  impracti- 
cable or  inconvenient  to  dispose  of  the  sewage  by  broad  irrigation. 

Where  the  sewage  is  disposed  of  upon  a  hillside  by  broad  irriga- 
tion, there  will  be  a  tendency,  if  the  sewage  is  allowed  to  flow  long 
in  one  place,  for  it  to  gather  in  a  stream  and  flow  down  the  hill. 
To  meet  this  contingency  a  large,  level,  intercepting  ditch  should  be 
eonstmeted  around  the  lower  part  of  the  land,  not  less  than  5  feet 
above  the  brook,  to  intercept  streams  of  this  character  and  prevent 
them  from  flowing  unfiltered  into  the  brook.  Around  other  mar- 
gins of  the  field  small  ditches  should  be  dug  to  prevent  the  sewage 
from  flowing  off  in  these  directions  and  convey  it  to  the  large  inter- 
cepting ditch  Just  mentioned. 

In  all  caaes  of  sewage  disposal,  and  particularly  where  broad 
irrigation  is  adopted,  the  attainment  of  successful  results  depends 
to  a  very  large  extent  upon  the  intelligent  care  taken  to  effect  a 
proper  distribution  of  the  sewage. 
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PiTTSPiELD.  The  city  of  Pittsfield  presented  to  the  Boards 
May  11,  1891,  a  plan  of  sewerage  and  sewage  disposal, 
under  the  provisions  of  chapter  357,  Acts  of  1890,  providing- 
for  the  permanent  disposal  of  sewage  of  the  city  by  filtratioa 
upon  land  in  the  valley  of  the  Housatonic  River,  with  a  tem- 
porary outlet  into  the  river  during  the  construction  of  the 
works.  This  plan  was  approved  by  the  Board,  May  12,. 
1891,  with  the  provision  that  the  direct  discharge  into  the 
river  should  not  continue  after  June  1,  1900. 

On  the  27th  of  December,  1892,  the  Sewer  Commissioners 
applied  to  the  Board  requesting  the  following  modification  of 
the  plan  approved  by  the  Board :  "To  strike  out  so  much 
of  said  plan  as  designates  specific  areas  of  land  for  the  per- 
manent disposition  of  said  sewage,  and  by  striking  out  sa 
much  of  said  plan  as  provides  that  aft^r  the  date  thereia 
specified  all  sewage  is  to  be  pumped  to  filtering  fields  across- 
the  river  and  there  disposed  of  by  intermittent  filtration,  and 
by  inserting  instead  thereof  a  provision  that  afl«r  said  date 
all  sewage  is  to  be  permanently  disposed  of  by  such  methods 
as  the  State  Board  of  Health  shall  then  approve.'*  The 
Board  replied  to  this  application  as  follows  :  — 

Boston,  Jan.  10, 1893. 
By  the  plan  approved  by  the  State  Board  of  Health,  above- 
referred  to,  the  Board  permitted  the  use  of  the  Housatonic  River 
for  the  discharge  of  the  sewage  of  Pittsfield  until  the  year  1900^ 
and  after  that  date  the  sewage  was  to  be  cared  for  upon  filtering 
areas  of  land  and  the  discharge  into  the  river  stopped.     The  use  of 
the  river  was  therefore  but  for  a  brief  period,  and  the  main  features- 
of  the  general  plan  presented  by  the  city  of  Pittsfield,  and  approved 
by  this  Board,  provided  for  the  ultimate  care  of  the  sewage  upon. 
the  filtering  areas.     The  changes  now  asked  for,  if  approved  by 
this  Board,  would  leave  the  city  of  Pittsfield  without  provision  for 
its  future  disposal  of  sewage  other  than  the  river.     The  Board  is  of 
opinion  that  such  a  course  is  not  advisable  for  the  city,  nor  does 
the  Board  feel  it  will  do  its  duty  should  it  approve  any  plan  not 
fully  providing  for  the  future  proper  sanitary  care  of  the  city's 
sewage.     The  Board  therefore  cannot  approve  the  amendments  as 
proposed,  but  will  consider  any  further  plans  in  regard  to  the  ulti-^ 
mate  disposal  of  the  sewage  which  the  city  may  desire  to  present. 

Pltmouth.  The  committee  on  sewerage  of  the  town  of 
Plymouth  applied  to  the  Board,  March  30, 1893,  for  its  advice* 
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relative  to  a  plan  of  sewerage  and  sewage  disposal  for  that 
town.     The  Board  replied  as  follows :  — 

Boston,  Jane  14, 1893. 

The  plan  referred  to  shows  the  oatlines  of  a  system  of  sewerage 
for  the  portion  of  the  town  from  which  sewage  can  be  brought  by 
marginal  intercepting  sewers  to  a  point  in  Water  Street  Jast  north 
of  all  wharves,  and  a  12-inch  cast-iron  pipe  extending  from  this 
connecting  point  out  into  the  harbor  to  the  North  Guzzle,  so  called. 
It  is  understood  that  the  plan  proposes  the  admission  of  storm 
water  into  the  sewers  from  the  main  street  of  the  town,  but  that 
elsewhere  it  is  to  be  excluded.  In  order  to  provide  for  the  dis- 
posal of  the  storm  water,  storm  overflows  from  the  marginal  sewer 
are  provided  at  four  points  along  the  shore. 

The  only  important  feature  in  which  the  Board  advises  a  change 
is  in  the  outlet  pipe,  which,  in  the  opinion  of  the  Board,  should  be 
jchanged  so  as  to  reach  the  Guzzle  at  a  point  as  far  from  the  shore 
as  it  is  practicable  to  extend  the  pipe,  but  not  more  than  1,500  feet. 
The  limit  of  1,500  feet  is  mentioned  because  it  is  doubtful  if  a 
pipe  longer  than  this  could  be  kept  free  from  deposits.  In  making 
the  pipe  longer,  as  advised,  its  size  should  be  increased  to  14 
inches,  which  will  not  only  offset  the  loss  of  capacity  due  to  the 
greater  friction  of  a  longer  pipe,  but  will  also  give  a  slight  addition 
to  the  capacity,  which  is  desirable. 

The  sizes  and  inclinations  of  the  intercepting  sewers  appear  to 
have  been  judiciously  chosen,  so  far  as  can  be  Judged  from  the 
preliminary  plan  submitted.  These  sewers  of  necessity  are  placed 
at  a  low  level  as  compared  with  high  tide,  and  have  rather  low 
grades,  so  that  they  may  not  prove  wholly  self-cleansing,  but,  even 
if  they  should  not,  the  amount  of  care  required  to  keep  them  clean 
would  not  be  excessive.  The  cleaning  of  the  southern  branch  of 
the  intercepting  sewer  may  be  facilitated  by  the  construction  of 
an  inlet  as  large  as  the  sewer  itself  from  the  lower  millpond  on 
Town  Brook,  provided  the  mUlpond  is  at  a  sufficient  elevation, 
this  inlet  to  be  used  from  time  to  time  at  low  tide  for  flushing  the 
sewer. 

As  a  precaution  against  the  clogging  of  the  outlet  pipe  the  Board 
would  suggest  the  construction  of  a  small  chamber  at  its  upper 
end,  where  it  receives  the  sewage  from  the  intercepting  sewers. 
The  bottom  of  this  chamber  should  be  depressed  so  as  to  act  as  a 
settling  basin  and  catch  any  heavy  material  brought  down  by  the 
sewers.  It  could  be  built  in  the  street,  but  it  would  be  better  to 
construct  it  just  outside  the  street  lines  and  make  it  easily  acces- 
sible.    A  gate  at  the  upper  end  of  the  pipe,  by  which  the  water  or 
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sewage  could  be  held  back  in  the  sewers  and  then  let  out  suddenly 
at  low  tide  to  flush  the  pipe,  would  be  an  advantage. 

Spencer.  The  superintendent  of  sewers  of  Spencer  ap^ 
plied  to  the  Board,  June  1,  1893,  for  its  advice  relative  to 
a  system  of  sewage  disposal  upon  land  in  the  valley  of  Seven. 
Mile  River.     The  Board  replied  as  follows :  — 

Boston,  Dec  8, 1893: 
The  Board  finds  from  the  statements  contained  in  your  applica- 
tion, and  from  the  examinations  made  by  one  of  its  engineers,  that 
the  topography  of  the  town  is  such  that  nearly  all  of  the  sewage 
can  be  collected  by  a  system  of  sewers  with  a  main  sewer  leading 
toward  the  Seven  Mile  River  at  a  point  south-westerly  from  the 
centre  of  the  town,  that  the  main  sewer  and  a  large  part  of  the* 
tributary  sewers  of  this  system  have  already  been  built,  and  that, 
the  sewage  is  now  discharging  into  the  river.     It  is  the  sewage* 
from  this  main  system  which  you  propose  to  deal  with  at  present. 

The  sewers  already  built  are  for  the  most  part  intended  to  take- 
sewage  only,  but  at  a  few  points  catch-basins  have  been  built, 
through  which  considerable  storm  water  is  admitted  to  the  sewers ; 
and  there  is  also  a  considerable  amount  of  ground  water  finding 
its  way  into  them,  which  materially  increases  the  volume  of  sewage* 
to  be  taken  care  of.  The  sewers  also  receive,  in  addition  to  the- 
sewage  proper,  certain  waste  matters  from  the  gas  works  in  the 
town,  which  make  the  sewage  particularly  offensive  and  destroy 
the  vegetation  in  the  vicinity  of  the  sewer  outlet.  ^ 

The  town  is  situated  on  high  land,  and  the  main  sewer  falls- 
rapidly  until  it  reaches  the  lower  land  bordering  the  river.  By 
intercepting  the  sewage  before  it  reaches  too  low  a  level  the  sew- 
age can  be  discharged  by  gravity  upon  land  at  a  suflScient  height^ 
above  the  river  for  sewage  filtration.  The  suggestion  has  been, 
made  by  you  that  the  town  now  owns  ten  acres  of  gravelly  land 
near  the  river,  through  which  the  present  main  sewer  passes,  which 
might  be  used  for  the  disposal  of  sewage  by  intermittent  filtration  ; 
and  that  there  are  also  about  three  acres  of  similar  land  adjoining 
the  town  lot  on  the  south  which  might  be  used  if  additional  area 
was  required. 

The  material  of  the  town  lot,  as  determined  by  several  test  pits- 
and  by  an  examination  of  the  surface  of  the  ground,  is  of  suitable 
quality  for  the  disposal  of  sewage  by  the  method  suggested.  The* 
proper  preparation  of  the  lot  for  sewage  disposal  would  involve- 
the  removal  of  the  surface  loam  and  the  grading  of  the  land  into* 
beds  of  suitable  size,  having  a  surface  of  porous  sand  or  gravel. 
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In  order  to  make  the  lower  portions  of  the  land  available  it  would 
be  necessary,  after  removing  the  surface  loam,  to  raise  them  by 
filling  with  porous  sand  or  gravel  to  a  level  six  feet  above  ordinary 
high  water  in  the  river.  The  filter  beds  which  have  surfaces  not 
more  than  8  feet  above  the  river  should  be  underdrained.  By  tak- 
ing the  sand  or  gravel  for  this  filling  from  the  higher  portions  of 
the  land  and  by  building  a  few  hundred  feet  of  sewer  in  Main 
Street,  so  that  the  sewage  will  reach  the  lot  at  a  higher  level,  it 
will  be  feasible  to  utilize  all  of  the  gravelly  land,  including  the 
three  acres  lying  south  of  the  town  lot. 

It  is  desirable  to  restrict  as  far  as  practicable  the  amount  of 
sewage  to  be  taken  care  of,  and  in  order  to  do  this  the  surface 
water  which  now  enters  the  sewers  through  the  catch  basins  in  the 
streets  should  be  disposed  of  in  some  other  way.  It  is  also  desir- 
able to  diminish  the  amount  of  ground  water,  if,  upon  examination, 
it  should  be  found  feasible  to  do  so.  Should  any  large  amount  of 
ground  water  be  found  to  enter  the  main  sewer,  or  should  it  be 
found  desirable  to  continue  to  dispose  of  the  storm  water  through 
underground  channels,  it  may  be  best  to  lay  a  new  main  sewer  of 
much  smaller  size  than  the  present  one  to  take  the  sewage,  reserv- 
ing the  present  main  sewer  for  the  discharge  of  surface  and  ground 
water.  The  surface  water  which  would  naturally  flow  from  adjacent 
high  land  upon  the  filter  beds  should  also  be  collected  and  disposed 
of  in  such  a  way  that  it  will  not  tend  to  saturate  the  beds.  It  may 
be  feasible  to  turn  this  water  into  the  lower  portion  of  the  present 
main  sewer  below  the  point  where  the  sewage  will  be  diverted  from 
it  to  the  filter  beds. 

It  may  be  said,  with  regard  to  the  disposal  of  the  sewage  of  the 
town  by  intermittent  filtration,  that  it  is  not  probable  that  the 
results  will  be  satisfactory  unless  the  wastes  from  the  gas  works 
are  excluded  from  the  sewers,  or,  before  being  admitted,  are 
treated  in  such  a  way  as  to  make  them  inoffensive,  and  to  remove 
all  tarry  or  oily  substances  which  would  tend  to  clog  the  filter  bed. 

The  area  of  suitable  land  at  the  town  lot  and  the  lot  adjacent  to 
it  is  smaller  than  is  desirable,  considering  the  large  amount  of 
ground  water  which  finds  its  way  into  the  sewers,  and  the  increas- 
ing quantity  of  sewage  which  will  enter  the  sewers  as  they  are  ex- 
tended and  the  town  increases  in  population.  If  the  ground  water 
could  be  excluded  from  the  sewers,  the  area  would  be  sufficient 
until  the  population  of  the  town  is  considerably  lai^er  than  at 
present. 

In  view  of  the  somewhat  limited  area  of  land  available  at  and 
near  the  town  lot,  examinations  were  made  to  determine  whether 
additional  land  was  available,  and  a  tract  was  found,  lying  in  a 
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Bouth-westerly  direction  from  the  town  lot,  between  the  Brookfield 
road  and  the  river,  Jast  beyond  the  cemetery,  which  appeared 
from  a  surface  examination  to  be  suitable  for  sewage  filtration. 
This  land  is  considerably  higher  than  the  river,  bat  it  is  lower  than 
the  main  sewer  in  Main  Street,  a  short  distance  from  the  town 
lot,  and  the  sewage  could  be  conveyed  to  it  through  an  iron  pipe 
which  would  run  full  and  under  pressure.  The  lowest  point  in 
this  pipe  would  be  at  the  corner  of  Meadow  and  Main  streets, 
nearly  opposite  the  town  lot,  so  that  the  pipe  could  be  emptied 
frequently  upon  filter  beds  on  the  town  lot,  and  thus  kept  clean. 
This  tract  of  land  is  of  suitable  quality,  and  probably  other  land 
in  this  vicinity  could  be  made  available  for  the  disposal  of  sewage. 

While  the  town  lot  has  a  decided  advantage,  owing  to  its  pres- 
ent ownership  by  the  town  and  the  ease  with  which  sewage  can 
be  turned  upon  it,  it  will  obviously  be  quite  expensive  to  grade  it 
and  the  small  lot  south  of  it  so  that  the  whole  area  of  these  lots 
will  be  available  for  sewage  disposal,  and  unless  the  amount  of 
sewage  is  materially  diminished  by  the  exclusion  of  ground  water, 
it  will  be  necessary  to  provide  additional  filtering  area  before  long. 
It  is  therefore  recommended  that  the  town  lot  should  not  be  finally 
Adopted  as  the  only  site  for  filter  beds  until  the  other  tract  of  land 
beyond  the  cemetery  has  been  more  carefully  investigated,  by 
■digging  test  pits  to  ascertain  if  the  material  is  porous  and  suitable 
for  filtration ;  and,  if  so,  whether  it  will  not  be  cheaper  to  prepare 
the  required  area  of  filter  beds  partly  at  the  town  lot  and  partly  at 
the  lot  beyond  the  cemetery ;  or,  if  not  cheaper,  whether  it  may 
not  be  desirable  to  control  this  second  lot  from  the  beginning,  so 
AS  to  have  an  opportunity  to  extend  the  filter-beds  whenever  it 
becomes  necessary. 

When  you  have  the  results  of  further  surveys  and  estimates,  or 
more  definite  plans  of  sewage  disposal  to  submit,  the  Board  will 
advise  you  further  in  this  matter. 

The  Board  is  of  the  opinion  that  the  discharge  of  the  sewage 
directly  into  the  Seven  Mile  Elver  should  be  discontinued. 

Westborough.  The  committee  on  sewerage  of  the  town 
of  Westborough  presented  a  general  plan  for  the  sewage 
disposal  of  the  town,  Feb.  3,  1890,  which  the  Board  approved 
(Senate  Document  4,  1891,  page  18).  By  a  general  Act  of 
the  Legislature  of  1890,  chap.  124,  it  was  provided  that 
land  might  be  taken  for  sewage  disposal  with  the  approval  of 
the  State  Board  of  Health  after  a  public  hearing.  Under  the 
provisions  of  this  Act  the  selectmen  applied  to  the  Board 


No.  34.]     ADVICE  TO  CITIES  AND  TOWNS.  87 

June  22,  1891.  A  hearing  was  held  July  7,  1891,  and  the 
location  submitted  by  the  town  was  approved  by  the  Board, 
July  8,  1891  (Senate  Document  4,  1892,  page  49). 

In  the  following  year,  April  16,  1892,  the  selectmen  of 
Westborough  presented  a  plan,  which,  after  due  consider- 
ation, the  Board  deemed  unsatisfactory  and  expressed  such 
opinion  in  a  conmiunication  to  the  selectmen,  Nov.  3,  1892 
(Senate  Document  4,  1893,  page  6),  stating  the  conditions 
essential  to  success. 

The  selectmen  again  applied  to  the  Board,  Sept.  18,  1893, 
stating  that  the  advice  of  the  Board  had  not  been  carried  out, 
and  requesting  the  Board  to  **  make  an  examination  of  the 
present  sewage-disposal  works  of  Westborough  and  advise 
the  town  further  in  the  matter  of  sewage  disposal."  The 
Board  replied  as  follows :  — 

Boston,  Oct.  26, 1893. 

In  compliance  with  this  request  the  Board  has  caused  an  exami- 
nation of  your  present  works  to  be  made  by  one  of  its  engineers. 
He  finds  that  you  have  prepared  filter-beds,  having  an  area  of  a 
little  more  than  two  acres,  by  filling  porous  sand  and  gravel  to  a 
depth  of  from  one  to  two  and  a  half  feet  upon  land  from  which 
the  greater  part  if  not  all  of  the  loam  had  been  removed.  From 
an  examination  by  means  of  test  pits  dug  at  various  points  in  the 
filter  beds,  he  finds  that  the  material  beneath  the  upper  porous 
layer  is  an  extremely  fine  sand  which  not  only  remains  saturated 
with  water,  but  also  keeps  the  porous  material  above  it  saturated 
for  weeks  after  the  discharge  of  sewage  upon  it  has  ceased.  These 
conditions  are  unsuitable  for  the  purification  of  sewage ;  and  a 
very  small  quantity  of  sewage  only  could  be  disposed  of  upon 
these  shallow  beds  if  they  were  underdrained. 

It  was  also  found  that  a  portion  of  the  sewage  was  disposed  of 
by  being  turned  into  a  gravel  pit,  near  the  carrier,  until  the  sewage 
stood  in  the  pit  to  a  depth  of  several  feet,  when  it  filtered  into  the 
ground  quite  rapidly,  and  the  water  reappeared  in  the  form  of  a 
spring,  a  short  distance  away,  clear  but  not  thoroughly  purified. 
It  is  highly  improbable  that  this  method  of  disposal  would  continue 
to  give  even  as  good  results  as  at  present  for  any  long  time  in  the 
future  if  any  large  proportion  of  the  sewage  should  be  turned  into 
this  pit.  The  rapidity  with  which  the  sewage  disappears  shows 
that  the  ground  is  porous  in  this  vicinity,  and  that  a  good  filter- 
bed  might  be  prepared  here  which  would  successfully  dispose  of  a 
portion  of  the  sewage. 

In  reply  to  a  previous  application  made  by  your  board,  the  State 
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Board  of  Health  sent  to  you  on  Nov.  3,  1892,  a  communication 
containing  its  advice  in  a  general  way  as  to  what  the  town  should 
do  to  properly  dispose  of  its  sewage.  This  advice,  which  the 
Board  has  no  reason  to  modify,  is  as  follows  :  — 

The  Board  ....  advises  that  the  town  should  prepare  filter- 
heds  having  a  total  area  of  not  less  than  five  acres  for  die  disposal  of  its 
aewage.  These  beds  should  consist  of  sufficiently  porous  material  to 
properly  filter  the  sewage,  and  if  of  such  a  character  or  so  situated  that 
the  ground- water  level  will  not  remain  at  least  five  feet  below  the  sur- 
face of  the  beds,  they  should  be  efficiently  underdraiQed. 

The  most  economical  method  of  preparing  beds  such  as  are  here  de- 
scribed is  a  matter  which  requires  investigation.  If  a  portion  of  your 
land  can  be  found  where  there  are  two  or  three  feet  of  porous  material 
above  the  level  of  the  water  in  the  Assabet  River,  the  required  height  of 
filter-bed  can  be  obtained  by  filling  gravel  upon  this  portion  after  the 
loam  or  any  other  layer  of  very  fine  material  which  may  be  found  has 
been  stripped  from  it  If  such  land  as  is  here  described  cannot  be  found, 
it  may  then  be  necessary  to  prepare  beds  by  cutting  down  some  of  the 
higher  gravelly  land  to  the  proper  level,  and  filling  the  excavated 
material  upon  the  low  land,  both  the  excavated  and  filled  areas  being 
used  for  filtration.  The  character  of  the  material  lying  on  the  easterly 
side  of  a  narrow  swamp,  and  also  easterly  from  the  tract  belonging  to  the 
town,  appears  to  be  of  suitable  quality  for  the  construction  of  filter-beds 
by  the  last  described  method. 

The  Board  cannot  give  you  any  more  specific  advice  than  that 
above  given  as  to  what  should  be  done,  because  it  is  not  feasible 
from  such  examinations  as  are  made  by  its  engineers  to  obtain  the 
accurate  data  upon  which  such  advice  should  be  based  in  order  to 
avoid  wasteful  expenditures  and  unsatisfactory  results. 

What  you  should  therefore  do  is  to  employ  some  engineer  skilled 
in  this  class  of  work  to  make  plans  of  all  the  territory  which  may 
be  used  for  sewage  disposal,  showing  the  height  of  the  ground,  the 
level  of  the  water  in  the  ground  and  the  location  of  the  test  pits, 
which  should  be  sunk  at  frequent  intervals  and  to  a  sufficient 
depth  to  determine  accurately  the  character  of  the  material  at  dif- 
ferent places  with  reference  to  its  porosity.  He  should  also  deter- 
mine where  and  how  filter-beds  can  be  constructed  at  a  minimum 
cost,  which  will  at  least  meet  the  requirements  contained  in  the 
former  reply  of  the  Board. 

If  you  should  decide  to  make  such  investigations  the  Board  will 
direct  its  engineers  to  co-operate  with  your  engineer  in  the  matter 
of  determining  the  suitability  of  materials  obtained  from  test  pits 
for  filtering  sews^e;  and  when  the  investigation  is  far  enough 
advanced  and  new  plans  are  presented  the  Board  will  advise  you 
farther  regarding  them. 
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EXPLANATORY  NOTE. 

The  systematic  examination  of  the  water  supplies  of  the  State  was  begun 
June  1, 1887,  and  has  been  continued  up  to  the  present  time.  The  results  for 
the  years  previous  to  1893  have  been  published  in  four  reports,  as  follows: 
June  1,  1887,  to  May  81,  1889,  in  the  Special  Report  of  the  Board  upon  the 
Examination  of  Water  Supplies  (1890) ;  June  1, 1889,  to  Dec.  31, 1890,  in  the 
Twentj-seoond  Annual  Report  of  the  Board  for  the  year  1890 ;  for  the  years  1891 
and  1892,  in  the  Twenty-third  and  Twenty-fourth  Annual  Reports  of  the  Board 
for  those  years.  The  present  (Twenty-fifth  Annual)  raport  contains  the  results 
for  the  year  1893. 

The  first  of  these  reports  contained  a  description  of  each  of  the. water  sup- 
plies in  the  State  existing  at  the  date  of  that  report.  The  later  reports  hare 
described  only  new  works  and  changes  in  existing  works. 

An  alphabetical  arrangement  by  towns  has  been  adopted  In  this,  as  in  previ- 
ous  reports.  Sources  of  water  supply  are  tabulated  under  the  name  of  the  town 
supplied,  other  waters  under  the  name  of  the  town  in  which  they  are  situated* 
The  analyses  of  water  from  the  larger  rivers  not  used  as  sources  of  water  supply 
are  given  in  a  subsequent  tabulation,  headed  **  Examination  of  Rivers.^^ 

The  chemical  examinations  in  this  report  were  made  in  the  same  manner  as 
heretofore,  and  are  presented  in  the  tables  in  the  same  form  as  in  the  last  report, 
except  that  a  new  determination, "  Oxygen  Consumed,^*  has  been  added.  This 
determination  has  been  nlade  for  all  waters  this  year,  and  appears  in  the  tables 
of  analyses  for  the  first  time.  Owing  to  the  space  occupied  by  the  column  of 
**  Oxygen  Consumed,*^  the  **  date  of  examination  "  of  the  samples  has  been  omit* 
ted  from  the  tables.  The  samples  are  usually  received  at  the  laboratory  from 
twenty-four  to  forty-eight  hours  after  collection. 

All  surface  water  and  such  samples  of  ground  water  as  contain  suspended 
matter  are  filtered  through  filter-paper  before  determining  the  color,  the  residue 
on  evaporation  and  the  albuminoid  ammonia  in  solution.  Some  ground  waters 
which  are  perfectly  clear  and  colorless  when  drawn  from  the  ground  become 
turbid  and  colored  on  standing,  in  consequence  of  the  oxidation  of  the  iron  which 
they  contain.  In  these  waters  the  residue  on  evaporation  is  determined  without 
filtration,  since  this  iron  is  an  essential  and  not  an  accidental  ingredient  in  the 
water.  In  the  changes  which  accompany  the  oxidation  of  the  iron  in  waters  of 
this  character,  they  become  first  cloudy  (well  described  by  the  word  milhy)  and 
finally  deposit  a  precipitate  of  oxide  of  iron.  In  the  cloudy  condition  they  have 
a  distinct  color,  which,  while  it  does  not  have  the  same  significance  as  in  the 
case  of  surface  waters  and  is  only  a  passing  phenomenon,  is,  nevertheless,  of 
interest  as  showing  a  color  which  the  water  may  assume  while  the  oxidation  of 
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the  iron  is  in  progress.  When  the  iron  is  all  oxidized  and  precipitated  the  water 
may  become  colorless  again.  Explanatory  notes  will  be  given  for  waters  of 
this  kind  in  connection  with  the  tables  of  analyses. 

The  color  of  water  is  expressed  by  numbers  which  increase  with  the  amount 
of  color.  The  standard  used  is  nesslerized  ammonia,  as  described  on  page  531  of 
the  Special  Report  upon  the  Examination  of  Water  Supplies,  1890,  and  on  page 
829  of  the  Annual  Report  for  1893.  Boston  water,  as  drawn  from  a  tap  at  the 
Institute  of  Technology,  has  had  an  average  color  for  six  years  of  0.43.  Other 
water  supplies  in  the  State  have  had  an  average  color  of  from  0  to  1.45. 

In  cases  where  examinations  of  a  source  have  been  made  with  considerable 
regularity  for  several  years,  the  averages  of  the  results  of  the  chemical  analyses 
of  previous  years  are  appended  to  the  tables  of  analyses  for  1893. 

In  the  microscopical  examination  of  water  there  has  been  no  change  in  the 
method  employed  since  Nov.  6,  1890.  This  method  was  fully  described  in  the 
Twenty- third  Annual  Report  of  the  Board  for  the  year  1891  (pages  395-421). 
Before  Nov.  6, 1890,  the  methods  employed  were  less  perfect,  so  that  a  smaller 
proportion  of  the  total  number  of  organisms  present  in  the  water  was  separated 
from  it  and  observed  under  the  microscope;  and,  before  drawing  conclusions 
from  a  comparison  of  the  microscopical  examinations  of  waters  made  before  and 
after  this  date,  the  explanatory  note  on  page  70  of  the  Twenty-second  Annual 
Report  for  1890  should  be  read. 

To  indicate  the  amount  of  the  so-called  Zo6glasa  observed,  the  number  of 
individual  masses  is  not  counted,  but  an  area  equal  to  2,500  square  microns,  or 
.0025  square  millimeters,  has  been  adopted  as  an  arbitrary  unit 

In  publishing  the  results  of  the  microscopical  examinations  the  same  system 
is  followed  as  last  year.  The  plants  observed  are  classified  in  four  groups, 
viz. :  DiatomacesB,  Cyanophyceas,  Algas  and  Fungi.  The  Animals  observed  are 
grouped  as  Rhizopoda,  Infusoria,  Yei'mes  and  Crustacea. 

The  names  of  the  different  genera  in  each  group  are  given  with  the  numbers 
of  each  per  cubic  centimeter,  except  that,  to  avoid  making  the  tables  excessively 
long,  they  are  omitted  when  present  only  in  very  small  numbers.  It  is  not 
feasible  to  make  with  regard  to  omissions  a  single  inile  which  will  apply  to  all 
cases,  because  it  is  desirable  to  include  smaller  numbers  of  animals  than  of 
plants,  and  of  the  larger  animals  than  of  animals  generally.  Moreover,  there 
are  exceptional  cases  in  which  it  is  desirable  to  indicate  the  presence  of  even 
very  small  numbers  of  the  more  important  plants  or  animals.  Two  general 
rules,  however,  have  been  adopted  in  printing  the  results,  namely :  — 

1.  All  genera  of  Plants  are  included  in  which  the  total  number  observed  in 
twelve  months  amounts  to  6  or  more  per  cubic  centimeter,  or  in  other  words 
averages  as  much  as  0.5  per  month. 

2.  All  genera  of  Animals  are  included  in  which  the  total  number  observed 
in  12  mouths  amounts  to  1.5  or  more  per  cubic  centimeter. 

The  larger  microscopic  animals,  such  as  some  of  the  Crustacea,  are  included, 
even  when  present  only  in  very  small  numbers. 

Fractions  are  generally  omitted  from  the  table,  the  nearest  whole  number  of 
organisms  per  cubic  centimeter  being  given.  Where  the  total  number  of  organ- 
isms observed  is  0.5  or  less,  the  fact  that  the  organism  was  present  is  usually 
indicated  by  the  abbreviation  "  pr.,''  but  in  the  case  of  the  larger  organisms  very 
small  fractions  are  given. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


93^ 


EXAMINATION  OF  WATER  SUPPLIES. 


Water  Supply  op  AbinGton  and  Rockland. 


Chemical  ExamiiKUvm  of  Water  from  Big  Sandy  Pond,  Pembroke, 

[Parte  per  100,000.] 
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Iron,  .0048.   Odor,  generally  vegeteble  or  none ;  once  only  disagreeable,  disappearing  on  heating. 

The  aanaplas  were  colleeted  from  a  faucet  at  the  pumping  station,  with  the  exception  of  No.  10,082,  which 
was  oollected  from  the  pond  under  the  ice  about  160  feet  from  the  intake,  and  No.  10,650,  which  was  ooU 
looted  from  a  drinking  fountain  near  the  center  of  the  village  of  Abington. 
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ABINOTON  ANB  BOCKLANB. 

Microscopical  Examination  of  Water  from  Big  Sandy  Pond,  Pembroke, 

[Number  of  organiimi  per  cubic  centimeter.] 
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AMESBUBT. 

Water  Supplt  of  Amesburt. — Powow  Hiix  Water  Compaky. 

Chemical  Examination  of  Water  frotn  the  Works  of  the  Powow  Hill  Water  Company, 

[Parte  per  100,000.] 
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Odor,  nono. The  first  sample  was  eollested  from  basin  No.  I,  whloh  Is  sapplied  chiefly  through 

tabular  weUs,  and  is  the  soores  from  which  samples  have  been  oollected  in  previous  years.    The  last 
■ample  was  collected  from  basin  No.  2,  a  supplementary  basin  near  No.  1. 

Microscopical  Examination. 

No.  10666.    Infusoria,  Ptrtdiniutn,  pr. ;  Trachelomonat,  pr. 
No.  10660.    Vermes,  Anurea,  pr. ;  RotcUortan  ova,  pr. 


Water  Supply  or  Andover. 

ChemiecU  Examination  of  Water  from  HaggetVa  Pond,  Andover, 

[Ptirte  per  100,000.] 
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.0140 

.0084 

.81 

.0060 

.0000 

.8383 

10656 

July  12 

V.sUght. 

V.sUght. 

0.08 

3.80 

1.25 

.0002 

.0162 

.0140 

.0022 

.84 

.0000 

.0000 

.3066 

10863 

Aug.  17 

V.sUght. 

V.sUght.  0.08 

3.55 

1.90 

.0000 

.0156 

.0124 

.0032 

.33 

.0000 

.0000 

.2691 

11018 

Sept  18 

V.sUght. 

V.sUght.  0.08 

3.10 

1.80 

.0000 

.0142 

.0126 

.0016 

.35 

.0030 

.0000 

.2418 

11190 

Oct.  12 

None. 

V.sUght. 

0.05 

3.00 

1.55 

.0000 

.0154 

.0140 

.0014 

.88 

.0000 

.0000 

.2875 

11845 

Nov.  16 

SUght. 

SUght.      |0.02 

'  3.40 

1.25 

Loooo 

.0120 

.0006 

.0024 

.87 

.0080 

.0000 

.3195 

11480 

Dee.  12 

V.sUght. 

SUght. 

0.10 
0.09 

8.15 

0.95 
1.80 

.0000 

.0018 

1 

.0102 
.0151 

.0094 
.0124 

.0008 
.0027 

.81 
.34 

.0000 
.0020 

.0000 
.0000 

.2600 
.2762 

Av. 

1. ......... 

8.80 

1.2 

1 

Iron,  .0039.    Odor,  vegetoble  or  none. Nos.  10043, 10122, 10262,  10522  and  11480  were  oollected 

from  a  faucet  in  the  pumping  station ;  the  reokainlng  samples,  directly  from  the  pond. 
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Microscopical  Examination  of  Water  from  HaggetVs  Pond^  Andover, 

[Namber  of  organisms  i>er  enbic  eentSmeter.] 


189S. 

Jan. 

Feb. 

Mar. 

Apr. 

1 

:  May. 

1 

Jane. 

Jaly. 

Aug. 

Sept 

Oet. 

Nov. 

Dee. 

Day  of  examination! 

20 

28 

16 

19 

18 

16 

15 

10 

14 

18 

17 

14 

Number  of  sample, . 

9802 

10043 

10122 

10262 

10408 

10622 

10666 

10863 

11018 

11100 

11845 

11480 

PLANTS. 

Diatomaceed,    . 

8 

178 

28 

128 

210 

872 

90 

86 

16 

8 

91 

91 

Asterlonella,     . 
Oyolotella, . 
Melofllra,    . 
NaTieula,  . 
Bynedra,    . 
Tabellaria, 

0 

0 

0 

pr. 

2 

4 
156 
0 
0 
16 
2 

3 

24 

0 

0 

1 
0 

5 
44 

4 

8 
64 

6 

106 
76 
10 

2 

8 
860 
0 
1 
1 
2 

0 

86 

0 

pr. 

0 

27 

6 
0 
0 
2 
0 

13 

1 
1 
1 

pr. 

2 

0 
0 
0 

10 
10 
26 

1 

4 

22 

22 

68 
0 
1 
2 
0 

Cyanophyceed, 

0 

0 

0 

0 

0 

8 

10 

17 

0 

0 

0 

0 

Anabmna,  . 
Clathrocystls,    . 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

2 

1 

10 
0 

6 
11 
I 

0 
0 

0 
0 

0 
0 

0 
0 

Algfce,     .... 

0 

0 

0 

0 

0 

0 

0 

28 

6 

0 

2 

0 

Protococcus, 
Raphidlum, 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

24 

4 

6 
0 

0 
0 

0 
2 

0 
0 

ANIMALS. 

Bhlzopoda,  Eaglypha, 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

1 

Infusoria,   . 

0 

0 

0 

6 

pr. 

1 

pr. 

4 

8 

pr. 

1 

1 

1  • 

Dinobryon, 
Dinobryon  eases, 
Perldinlum, 
Trachelomonas, 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
4 

1 
0 

0 
0 

0 
0 

1 

0 

0 
0 

^'6 

3 

0 

1 
0 

0 
0 
2 

1 

0 
0 

pr. 

pr. 

0 

0 

pr. 

0 
6 
0 
0 

MUcellaneoiu,  Zodglcea, . 

0 

1 
7 

0 

0 
181 

0 
210 

86 

24 

0 

2 

82 

50 

0 

Total, 

8   1 

18S 

28 

412 

124 

87 

27 

85 

144 

00 

Water  Supply  of  Arlington, 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Arling- 
ton relative  to  obtaining  an  additional  water  supply  for  the  town 
and  improving  the  quality  of  the  present  supply  may  be  found  on 
pages  9-12  of  this  volume.  For  analyses  of  samples  of  water  from 
the  wells  mentioned  in  the  reply  to  the  town  see  the  twenty-fourth 
annual  report  for  1892,  pages  81--82.  Additional  analyses  of  water 
from  these  wells  were  made  in  1893,  and  are  given  in  this  report  on 
page  97. 
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ARLINGTON. 

Chemicai  Examination  of  Water  fnmi  the  Brook  Just  above  the  Storage  Reservoir 

of  the  Arlington  Water  Works, 

[Ptfta  per  100,000.] 


• 

a 

1 

§ 
1 

Appbakavcb. 

Rksidub  ov 

EVArOBA- 
TIOK. 

1 

Ammomia. 

• 

JO 

.71 

NITBOOBW 

Aa 

m 

1 

1 

« 

• 

1 

•u 

1 

0.20 

1 

Loaaon 
Ignition. 

i 

Albuminoid. 

• 

I 

e 

5 

• 

1 

35 

1 

a 

1 

a 

1 

9886 

Jan. 16 

V.allght. 

Slight. 

7.76 

1.96 

.0090 

.0136 

1 

1 
.0112.0024 

1 

.1000 

.0001 

1 

.2387 

I 

3.4 

10886 

May  12 

V.allght. 

Slight. 

1.10 

0.20 

2.46 

.0012 

.0208 

.0176  .0032 

1 

.62 

.0660 

.0002 

.7028 

2.» 

10630 

JnlylO 

Slight. 

Slight. 

0.20 

8.60 

1.90 

.0016 

.0116 

.0102.0014 

.64 

.0800 

.0001 

.2028 

1 

8.4 

11039 

Sept.l8 

Slight. 

V.  alight. 

0.18 

8.46 

3.06 

.0002 

.0086 

.0062.0024 

1 

.78 

.0760 

.0001 

.2662 

8.3 

11296 

Nov.  7 

Slight. 

V.Bllght. 

0.96 

1 

0.60 

8.90 
1  7.02 

2.66 
2.29 

.0024 

.0044 

i 

.0202 
.0166 

.0186  .0016 

.76 

.68 

.00^ 'J  .0004 
'.07J'2  .0002 

.8480    Z.2 

1 

Av. 

.0141 

.0026 

1 

.6107 

2.» 

1 

i 

Iron,  .0149.    Odor,  vegetable  or  none;  often  becoming  atronger  on  heating. Water  from  tbla 

brook  la  drawn  into  the  fllter*gallery  beeide  the  reaervoir  and  ia  thenee  tuppUed  directly  to  the  town^ 
making  it  nnneceaaary  to  draw  water  from  the  reaervoir  except  at  tlmea  when  the  anpply  from  the 
brook  and  filter-gallery  eombloed  ia  Insaffldent  for  the  uae  of  the  town. 

Microscopical  Examination, 

Average  nnmber  of  organlama,  177.    The  greateat  number  in  any  aample  waa  734  in  March,  conaiat* 
log  almoat  entirely  of  Ortnothrix  and  Zodgkta, 


Chemical  Examination  of  Water  from  Tubular  Test  Wells  at  East  Lexington, 

[Parte  per  100.000.] 


Date  of 

Collection. 

Appbabamcb. 

• 

j' 

• 

7.80 

7.86 

1 

7.70 

Ammonia. 

■ 

• 
a 

i 

1 
.44 

.47 

.48 

NiTKOOKN     ! 

A8             { 

•d 

o 

a 

i 

a 

s 

■ 

1 

1 

i 

a 

1 

Albu- 
minoid. 

• 

1 

■ 

t 

1        1 

.0000 
.0000 
.0007 

Oxygen 

Conau 

Ilardneaa. 

1 

11496 
11623 
11662 

1S98. 

Dec.  14 

Deo.  19 
Dee.  27 

None. 

Slight. 

Slight. 

None. 

Slight. 
Cona. 

0.08' 

0.12 

0.16 

.0076 
.0002 
.0106 

.0064 
.0082 
.0070 

.0080 
.0090 
.0180 

.1660 
.168» 
.2100 

4.0 
4.0 
4.6 

.0270 
.0660 
.0380 

Odor  of  the  flrat  aample,  none;  of  the  aeoond,  none,  becoming  faintly  vegetable  on  heating;  of  th* 

laat,  very  faintly  vegetable,  dlaappearing  on  heating. The  aamplee  were  collected  during  a  pamplng 

teat  from  the  aame  tabular  wella  that  were  teated  laat  year.  The  teat  waa  begun  on  December  1,  and 
pumping  waa  continued  at  an  average  rate  of  384  gallona  per  minute  from  17  wella  until  after  the  aecond 
■ample  waa  eoUected.  The  third  aample  waa  collected  while  pumping  from  13  wella  at »  rate  of  287  gal- 
lona per  minute. 

Microscopical  Examination, 

No.  11498,  no  organlama.    No.  11623,  Fungi,  Orenothrix,  60.   Miacellaneona,  Zo4fflMt,  80.    Total,  140. 
No.  11662,  Fangl»  Orenothrix,  64.    Miacellaneona,  Zodgicta,  8.    Total,  72. 
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Chemical  Examination  of  Water  from  Upper  Naukeag  Pond,  AiMntrnham. 


Ina,  MM.    Odor,  dom.  —  Tb*  lamplM  wan  coUectail  tnm  tb«  paod  aboat  (mi  f*M  b< 


MieroscopieaX  Examination  of  WaUrfrom  Upper  Naukeag  Pond,  AtMmrnham. 

[Numbat  <il  OTguUml  per  oablg  eaotlnialai.] 


1»». 

Marcb. 

Apm. 

Aorut. 

MIW 

30 

Vim 

J, 

llDnib.rof.uiipl8. 

laaw 

PLANTS. 

B 

B 
• 

0 

II 

J 
1 

< 

M 

Cjelot.ll. 

Xfffl.,:    ::::::::: 

9) 

1M 
» 

Caamarloni 

R-phW'"" 
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A«HBUBNHAM. 

Microscopical  Examination  of  Water  from  Upper  Naukeag  Pond^  Ashbumham, 

—  Concluded. 


[Nnmber  of  organisms  per  eablc  osntimeter.] 

IMS. 

March. 

April. 

Augnit 

ANIMALS. 

Znftisorla, 

DlDobryoo 

pr. 
0 

4 

7 

0 
0 
1 

0 

11 
0 

Dlnobryon  cfttM, 

Perldmtam, 

10 
1 

T'ennes,  AnnrM, 

0 

MUeellanecnt,  ZofiglcMi, 

0 

88 

86 

Total, 

4 

66 

{71 

Water  Supplt  of  Attxeborough. 

In  April,  1892,  the  town  of  Attleborough  introduced  water  from  a 
new  source  and  abandoned  its  former  source  of  supply  near  the  Ten 
Mile  River,  in  the  thickly  settled  portion  of  the  village. 

The  new  source  of  supply  is  a  large  well  about  one  hundred  and 
fifty  feet  from  Seven  Mile  River,  just  above  Orr's  Pond,  —  a  mill 
pond  at  the  confluence  of  Seven  Mile  River  and  Four  Mile  Brook. 
The  well  is  thirty  feet  in  diameter  at  the  top  and  twenty-five  feet 
•deep.  For  the  first  five  feet  the  material  removed  was  a  coarse 
compact  gravel  of  a  reddish  tint.  Beneath  this  was  a  stratum  from 
two  to  six  inches  in  thickness  consisting  of  particles  of  coarse  sand 
closely  cemented  together,  and  having  a  color  somewhat  resembling 
iron  rust.  Below  this  stratum  to  the  bottom  of  the  well,  twenty- 
five  feet  beneath  the  surface,  the  material  was  a  coarse  sandy  gravel 
in  which  no  quicksand  or  very  fine  sand  was  found,  and  no  stones 
of  a  greater  diameter  than  eight  inches.  At  the  bottom  of  the  well 
the  material  was  very  coarse. 

A  tubular  well  one  and  one-fourth  inches  in  diameter  was  driven 
to  a  farther  depth  of  twenty-five  feet  below  the  bottom  of  the  well, 
without  striking  rock. 

The  walls  of  the  well  are  of  stone  for  a  height  of  ten  feet  above 
the  bottom,  the  first  eight  feet  being  laid  without  mortar.  Above 
the  stone  work  the  walls  are  of  brick  masonry  sixteen  inches  in 
thickness  for  a  height  of  eight  feet  and  twelve  inches  in  thickness 
for  the  remaining  ten  feet,  bringing  the  top  of  the  wall  about  three 
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feet  above  the  surface  of  the  ground.  Light  is  excluded  from  the 
well  by  a  wooden  roof.  A  direct  connection  has  been  made  with 
Orr's  Pond  for  use  in  cases  of  emergency.  Water  is  pumped  from 
the  well  to  the  distributing  system  and  to  a  covered  iron  tank. 

During  construction  this  well  is  said  to  have  yielded  water  very 
freely. 


Chemical  Examinalion  of  Water  from  the  Well  of  the  Attleborough  Water  Works, 

[Parts  per  100,000.] 


on. 

Appeahakcb. 

on. 

Ammonia. 

1 

NiTBOOBH 

■ 

.«■ 

4^ 

AS 

s 

• 

u 

a 

0 

Ate  of 

■** 
2 

9 

c 
« 

S 

1 

eg 

B  >      1 

• 

1 
1^ 

s 

■c 

0 

i 

• 

• 

• 

1 

Si 

1 

• 

1 

• 

as 

1 

H 

00 

o 

OS 

fib 

< 

^            K 

0 

BQ 

M 

1 

1803. 

10266 

April  17 

V.fllfght,  V.  slight. 

0.02 

4.90 

1.0000    .0030  i 

.35 

.0180 

.0000 

.0219 

1.9 

.006S 

milky. 

! 

. 

1 

I 

10386 

May   12 

None. 

None. 

0.03 

4.60 

.0000 

.0004 

.32 

.0280 

.0000 

.0219 

2.2 

.0026 

lORU 

Aug.  15 

v.  alight. 

v.  slight. 

0.01 

4.10 

.0000 

.0006 

.31 

.0070 

.0000 

.0316 

1.8 

.0060 

11347 

Nov.  17 

None. 

None. 

0.02 

4.20 

.0000 

.0000 

.43 

i.0220 

.0001 

.0390 

1.9 

.0140 

11473 

Dec.   11 

None. 

None. 

0.02 
0.02' 

4.35 

.0000 

.0000 

.40 

.0300 

.0000 

.0416 

2.2 

2.0 

.0050 

Av. 

1 

4.43 

.0000 

1 
.0008  ! 

1 

.36 

.0210 

1 

.0000 

'.0312 

1 

.006^ 

1 

k 

Odor,  none.  —  The  samples  were  collected  from  a  faucet  at  the  pumping  station,  while  pamping. 


No  organisms. 


Microscopical  Examination. 


Water  Supply  of  Ayer. 

Chemical  Examination  of  Water  from  the  Ayer  Water  Works, 

[Parts  per  100,000.] 


a 
0 

Appkarakck. 

on. 

Ammonia. 

1 

KiTKOOKir 

' 

s 

1 

AH 

s 

V 

1 

c  ^ 

« 

1 

s 

■ 

1 

s 

0 

ate  or 
Coll 

1 

9 

S 

a 

1 

•      1 

S 

t 

Ibu- 
mlnokl 

es 

• 

1 

J 

5 

e 

S 
5? 

• 

c 

• 

^ 

Q 

.         H 

00 

X 

k 

< 

u 

as 

S 

0 

& 

*^ 

1808. 

1 

1 

1 

10483 

June    6 

None. 

v.  slight. 

0.00 

5.30 

.0000 

.0008 

.36 

.0500 

.0000 

.0647 

2.1 

.0000 

10784 

Aug.  12 

V.  slight. 

Slight, 

0.03 

6.60  ' 

.0004 

.0046 

.83 

.0550 

.0002 

.0624 

2.3 

.0280 

earthy. 

. 

1 

1             j 

Odor,  none. The  first  sample  was  collected  from  the  well  used  as  a  source  of  supply  for  the 

town ;  the  last  sample,  from  a  faucet  in  the  Tillage,  and  may  have  consisted  wholly  or  in  part  of  water 
which  had  passed  through  the  open  distributing  reservoir. 


Microscopical  Examinaiion, 

No.  10488.    ICiscellanous,  ZodglcBOt  5. 

No.  10784.    DiatomacesB,  Oi/clo(ella,  4.    Alga,  Scerudetmut,  1.    Fungi,  CrenothriXt  2,    Total,  7. 
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Water  Supplt  of  Belmont. 

(See  WcUertown,) 


BEliMONT. 


Chemical  Examinaiion  of  Water  from  Clematis  Brook  in  Belmortt. 

[Fmrf  per  100,000.] 


Appsabavcb. 


S 


o 


10085 


V.iUght.  V.elifhL 


1.10 


Kbbiddb  ok 

EVAPOBA- 
TICK. 


I 


i; 


S  I 


AmoviA. 


I 


Albuminoid. 


a 


> 

I 

s 


•  5 

GO 


7.90     3.15  I,. 0112. 0296  .0250.0040 


KiTBOOBV 
AM 

Chlorine. 

ill 

1 
.5S  1 

.0350 

.0003 

a 

a 
p 

6 

s 

8 

& 


1.0704 


2.0 


Iron,  .0100.  Odor,  npn«;  beooming  TegeUble  on  standlog  or  heating.  — •  The  Bemple  wee  coUeeted 
from  the  brook  efc  the  point  where  it  flows  from  e  email  mill  pond  known  ae  Kendairs  pond.  The  brook 
forme  the  boaodary  in  thle  rlcinlty  between  Belmont  and  Waltham  and  is  not  used  ae  a  source  of  water 
«npply. 

Microscopical  Examination. 

Diatomaoe«,  Meridion,  1;  Kavtcula,  1;  Striatelta,  8.    Misoellaneoos,  ZoSgUaa,  8.    Total,  8. 


Water  Supply  of  Beverlt. 

(See  Salem,) 


Blagkstone. 

Chemical  Examination  of  Water  from  Emerson  and  Ironstone  Brooks  and  the 
Upper  Irotistone  Reservoir^  in  Uxbridge^  and  from  Angelica  Brook  in  Black- 
stone. 

[ParU  per  100,000.] 


9 

'                ArPBARAMCB. 

1 

1                                                            1 

KKSinUB  OK  , 
£VAPOBA- 
TIOK. 

AmioxiA. 

1 

1 
MITBOOBM  1 
AS 

1 

■ 

1 

B 

Date  of  Collei 

Turbidity. 

1 
1 

o 

1 

• 

c 

!l 

3 

■ 

Albominoid.     ! 

t 

i 

• 

1 

1 

• 

s 
1 

1 

»    1 

• 

§ 

1 

M 

o 

is 

s 

s 

• 

• 

IS 

1 

s 

Sus- 
pended. 

• 

1898. 

1 

1 

1        1 

1 

11540 

Dec.  22 

None. 

V.slight. 

0.70 

3.90 

1.65 

.0000 

.0178 

.0160 

.0018 

.28 

.0050 

.0000 

.7728 

0.0 

11541 

Dec.  22 

V.sHght. 

Cons. 

0.12 

3.65 

1.00 

.0004 

.0054 

.0086 

.0018 

.21 

.0050 

.0000 

.2852 

0.5 

115421  Dec.  22 

'  None. 

V.slight. 

0.60 

,  3.55 

1.55 

.0008 

.0154  .0122 

.0032 

.25 

.0080 

.0000 

.7014 

0.5 

11543  Dec.  22 

1 

Slight. 

V.slight. 

0.53 

'  2.40 

1.00  1 

.0022 

.0200.0200 

1 

.0060 

.28 

.0070 

.oooo! 

.5628 

0.6 

Odor  of  all  samplee,  vegetable. The  samples  were  collected  as  follows:— No.  11,540,  from 

Smerson  Brook  at  the  saw  mill  dam  in  Uxbridge  abont  half  a  mile  above  the  point  where  the  brook  is 
crossed  by  the  New  York  and  New  England  Railroad  No.  11,541,  from  Angelica  Brook  just  above  the 
point  where  it  is  crossed  by  the  New  York  and  New  England  EUlIroad;  this  brook  is  a  small  stream 
which  enters  the  Blaokstone  River  from  the  soath  just  below  the  village  of  Mlllville  in  Blackstone.  No. 
11,542,  from  Ironstone  Brook  jnst  above  the  point  where  it  enters  the  lower  Irojstone  Reservoir;  No. 
11,548  from  the  apper  Irooatone  Reservoir  in  the  vicinity  of  the  bonndary  line  between  MassachnsetU 
and  Rhode  Island.  The  samplee  were  ooUeeted  during  an  investigation  for  a  water  supply  for  the 
<own  of  BhMkstone. 

Microscopical  Examinaiion, 

The  number  of  organisms  per  cable  centimeter  found  in  each  sample  was  as  follows :  No.  11,540, 
46;  No.  11,541,  24;  No.  11,542,  21;  No.  11,548, 15. 
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BOSTON. 

Water  Supply  of  Boston. 

The  principal  change  in  the  conditions  affecting  the  character  of 
the  Boston  water  supply  during  1893,  is  the  filtration  of  the  water 
of  Pegan  Brook  through  carefully  prepared  filter-beds  of  large  area 
before  it  is  discharged  into  Lake  Cochituate.  This  brook  drains  the 
central  portion  of  the  town  of  Natick,  which  has  no  sewerage  system. 

The  extension  and  increased  use  of  the  sewerage  systems  in 
Framingham,  Marlborough  and  Westborough,  has  caused  a  stilt 
greater  proportion  of  th^  sewage  of  these  towns  to  be  removed  from 
the  watershed  of  the  Sudbury  River  than  was  the  case  last  year. 
,  The  works  of  the  Jamaica  Pond  Aqueduct  Company  were  pur- 
chased by  the  city  of  Boston  at  the  end  of  1892,  and  the  supply 
from  this  source  has  been  permanently  discontinued. 


Sudbury  River  Supply. —  Chemical  Examination  of  Water  from  Cold  Spring- 
Brook^  at  Head  of  Reservoir  No,  4,  Ashland, 

[P»ru  per  100,000.] 
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Averages  of  Analyses  of  Previous  Years. 
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*  Jane  to  December. 

Note  to  analyses  of  1893;  Iron,  .0139.    Odor,  dlitlnetly  vegetable, 
from  the  brook  at  Its  entrance  Into  reservoir  No.  4. 


The  samples  ivere  eollectedt 


Microscopical  Examination, 

Average  number  of  organisms  In  1893, 63  per  cable  centimeter. 
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BOSTON, 

ScDBCTRT  RivEB  SUPPLY. —  Chemical  Examinaiion  of  Water  from    Reservoir 

No.  4^  Ashland, 


[Parte  per  100,000 
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*  Jane  to  December. 

If  on  to  aaalyeee  of  1808 ;  Iron,  .0118.    Odor  generelly  faintly  vegetable,  aometlmee  none ;  on  heating 
the  odor  ie  geaorally  aomewhat  etronger,  bat  rarely  anpleasant.    The  eamplee  were  collected  from  the 

wwnUi  Bear  the  gmte>lionae  one  foot  beneath  the  earfaoe. The  eiirf ace  of  the  water  in  thle  reeervolr 

VM  tttm  18  to  21  feet  below  high  water  mark  In  Janoary  and  during  the  next  two  monthe  roee  practi- 
ciBy  to  hi^  water  mark,  at  which  point  it  remained  nntil  Aagoet.  On  September  flret  the  water  had 
W«B  drawn  down  14  feet  below  high  water  mark  and  daring  the  remainder  of  the  year  on  datee  when 
— plei  of  water  were  eolleeted  for  analyela  the  reaerrolr  nerer  oontidned  more  than  0  feet  of  water 
■*d  at  the  ftnt  of  Deeomber  waa  empty.  For  monthly  record  of  height  of  water  in  this  reservoir  see 
(•Me  at  ead  of  Boecon  aiwlyaea. 
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BOSTOX. 

Sudbury  River  Supply.  —  Microscopical  Examination  of  Water  from  Beservoir 

No,  4^  AMand. 

[Nambar  of  organlsma  par  eabic  oaotimatar.] 
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Sudbury  River  Suffly.  —  ChemiccU  Examinaiion  of  Water  from  Reservoir 

No.  4j  Ashland,  collected  near  the  bottom, 

[Parts  per  100,000.] 
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Iron,  .0130.    Odor,  vegetable,  becoming  disagreeable  on  heating. The  samples  were  collected 

from  the  reservoir  near  the  bottom.    On  the  dates  when  the  samplea  were  collected  tha  reeervoir  waa 
only  about  half  fall. 

Microscopical  Examination, 

No.  10,011.    DlatomacesB,  OycloteUat  8;  Svnedra,  2.    Misoellaneoas,  ZodgUMa,  28.    Total,  88. 

No.  10,064.  DiatomacesB,  (^cfot«/to,  82;  5j^ns<fra,  5;  7Vi6«<toria,  2.  A\gm,  Raphidium,  B,  Fnogl, 
CrenothriXt  7.  Rhlsopoda,  Actinophfyst  1.  Vermes,  Anurea,  1;  Hftparihra,  1.  MiaceUanaoiia, 
ZodgUxat  24.    Totol,  81. 
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BOSTON. 

Sudbury  River  Supply.  —  Chemical  Examination  of  Water  from  Sudbury  River 

at  the  Upper  End  of  Reservoir  No.  2,  Ashland. 

[Pam  per  100,000.] 


I 

B 


I 

m 


99S» 

00611 
10066 
10201 
10841 
10465 
10680 
10710 
10065 
11124 
11276 
11486 

At. 


IMS. 

Jan.   2 

Feb.  1 
tf  ar.  1 

Apr.  8 
May  1 
Jnoe  1 
Joly  6 
Aag.  8 
Sept.  1 
Oct.  2 
Nov.  1 
Dee.  4 


▲PPBABAirCB. 


a 


i 


I 


Decided. 

V.  Blight. 

SUght. 

V.tUght. 

Blight. 

Slight. 

SUght. 

SUght. 

Distinct. 

SUght. 

Slight. 

SUffht, 
clayey. 


Cone. 

OODi. 

Com. 

V.eUght. 

Slight. 

SUght. 

SUght. 

SUght. 

SUght. 

SUght. 

Slight. 

Cone. 


1.00 

1.10 

1.20 

0.86 

1.28 

1.60 

1.10 

0.66 

0.65 

0.60" 

1.20 

0.00 


K£8lDUa  ov 
EVAPOIA- 

Tioir. 


I 


5.20 
5.45 
4.75 
8.15 
3.40 
4.10 
4.60 
4.86 
3.66 
5.26 
5.10 
6.80 


0.00,!  4.67 


St 

n 


i 


2.25 
2.25 
2.06 
1.05 
1.55 
2.10 
2.15 
1.05 
2.20 
2.10 
2.15 
2.50 


Ammoxia. 


Albnmlnoid. 

• 

■ 

1 

is. 

fe. 

H 

Q 

* 

2.03 


.0008 
.0064 
.0052 
.0000 
.0006 
.0012 
.0042 
.0010 
.0018 
.0012 
.0000 
.0000 

.0010 


.0278 
.0200 
.0214 
.0148 
.0106 
.0268 
.0286 
.0228 
.0284 
.0188 
.0286 
.0270 

.0232 


.0180 
.0166 
.0106 
.0116 
.0176 
.0240 
.0286 
.0204 
.0102 
.0162 
.0254 
.0232 


.0106 


.0008 
.0034 
.0018 
.0082 
.0020 
.0018 
.0050 
.0024 
.0042 
.0026 
.0082 
.0088 


.0036 


4 

a 


ja 
o 


.28 
.34 
.82 
.10 
.26 
.28 
.30 
.87 
.26 
.57 
.46 
.42 

.34 


UlTBOOBll 


3 
I 


.0070 
.0100 
.0060 
.0000 

.0050 
.0120 
.0000 
.0070 
.0000 
.0200 
.0030 
.0030 


.0068 


X 


.0000 
.0000 

.0000 
.0000 
.0001 
.0002 

.0001 
.0001 
.0000 
.0001 
.0002 
.0003 


g 


a 
o 

I 

s 


i 


1.7 
1.4 
1.6 


.0400 
.0271 
.0072 
.67800.0 
.82400.8 
1.06121.1 
.76861.4 
.56241.8 


.0001 


.6704 

.4380 

1.0600 

1.0101 


1.0 
2.1 
1.4 
1.6 


.8210  1.4 


Averages  of  Analyses  of  Previous  Years, 


1887* 

1888 

1880 

1800 

1881 

1802 

1808 


- 

1.13 

1 

;  5.87 

1 

1.81 

.0021 

- 

1.10 

'  4.76 

1 

2.07 

.0018 

1 

- 

1.25 

'  3.62 

1.38 

i.0018 

- 

0.82 

6.18 

2.00 

.0014 

j 

- 

0.88 

4.85 

1.81 

.0008 

- 

1.00 

4.71 

2.08 

.0006 

1 

0.00 

;  4.57 

1 

2.03 

|.0010 

.0813     - 

.0203|    - 

.0204!. 0267,  .0027; 

.0256.0220.0086: 

.0274  .0236. 0088 

I 
.0247  .0214  .0083 

I  I 

.0282.0106.0036 


.80 
.20 
.80 
.30 
.26 
.28 
.34 


I 
.0170     - 

.0108  .0002 


.0080 


.0002 


.0135  .0001 
.0112  .0001 


.0000 


.0001 


.0068.0001 


.8210 


1.7 
1.1 
1.8 
1.4 


*  Jane  to  December. 

Nora  to  analyses  of  1808 ,  Iron,  .0156.    Odor,  generally  vegetable,  occasionally  moaldy  or  unpleasant, 

becoming  somewhat  stronger  on  heating. The  samples  were  collected  from  the  river  near  the  old  dam 

at  the  upper  end  of  Reeervolr  No.  2,  at  a  depth  of  one  foot  beneath  the  surface. 


Microscopical  Examination. 

Average  number  of  organisms  in  1808,  157  per  cubic  centimeter.  The  greatest  numbers  found 
-were  788  In  January,  consisting  chiefly  of  ZoSgloea  and  Diatomacen,  and  282  in  November,  chiefly 
Diatomacese. 
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Sudbury  River  Supply. 


Chemical  Examination  of   Water  from  Reservoir 
No,  2  J  Framingham, 

[Parte  per  100,000.] 


• 

1 

u 

Appbarakob. 

Rbsiddb  on 

EVAPOKA- 
TIOV. 

Ammonia. 

• 

• 

i 

.40 

1 

1  NlTKOOBir 
AS 

1 

0 

• 

«3 

s 

1 

• 

e 

J" 

1 

Albuminoid. 

• 

s 

1 

!  « 

• 

s 

• 
g 

• 

1 

1 

i 

•    1 

6 
S 

• 

• 

8 

e 

7t 

m 

a: 

9640 

1IW8. 

Jan.   2 

V.sUght. 

Slight. 

1.30 

6.10 

2.00 

1 
.0014 

.0234 

.0210 

.0024 

.0050 

.0001 

1.8067  1.8 

9962 

Feb.  1 

V.  Blight. 

V.sUght. 

1.15 

5.75 

2.00 

.0046 

.0212  .0188 

.0024 

.81 

.0120 

.0000 

1.0183  1.7 

10067 

Mar.  1 

V.  Blight. 

Cone. 

1.00 

4.40 

1.90 

'.0010 

.0212  .0192  .0020 

.82 

.0100 

.OOOOj    .84961.6 

10204 

Apr.  3 

SUsht. 

clayey. 
Slight. 

Cods. 

0.70 

3.20 

1.15 

.0004 

.0146  .0128  .0018 

.20 

.0120.0000 

.5876  0.8 

10842 

liay   1 

Slight. 

1.25 

3.20 

1.45 

'.0010 

.0198 

.0178  .0020 

.26 

.0070.0002 

.7665  0.8 

1 

10466 
lOMO 

Jane  1 
July  5 

Dietinet. 
Slight. 

Coos., 

earthy. 
Slight. 

1.80 
1.15 

8.55 
8.95 

1.65 
1.90 

.0004 
.0000 

.0288 
.0260 

.0198 
.0232 

.0040 
.0028 

.25 
.24 

.0100 
.0030 

.0001 
.0001 

1.08870.8 
.77881.1 

4 

10720 

Aug.  8 

Decided. 

Cons. 

0.80 

4.25 

2.25 

.0000 

.0270 

.0228 

.0042 

.30 

.0000 

.0001 

.6094'l.3 

10956 

Sept.  1 

DiBtinct. 

Slight. 

0.70 

8.85 

1.80 

.0004 

.0202 

.0160 

.0042 

.25 

.0000 

.0000 

.68991.1 

11125 

Oct.    2 

Distinct. 

Cons. 

0.53 

3.75 

1.50 

.0000 

.0186  .0150 

.0086 

.26 

.0080 

.0000 

.68131.1 

11276 

Nov.  1 

Slight. 

Slight. 

0.90 

4.05 

1.35 

.0010 

.0288  .0210 

.0028 

.43 

.0080 

.0003 

.70001.1 

11437 

Dee.  4 

Slight, 
clayey. 

V.sUght. 

0.95 
0.98 

5.80 

2.20 

.0012 
.0010 

.0234 
.0219 

.0206 
.0190 

.0028 
.0029 

.44 

.81 

.0000 
.0054 

.0008 
.0001 

.9321 

1.6 
1.2 

Av. 

4.28 

1.86 

.8120 

Averages  of  Analyses  of  Previous  Fears. 


. 

1887* 

1         ~ 

- 

1 
1.09 

4.94 

1.87 

.0015 

.0335 

- 

- 

.34 

.0048     - 

1 

- 

- 

1888 

- 

- 

1.08 

4.63 

2.01 

.0005 

.0800 

- 

- 

.30 

.0102  .0001 

1 

- 

- 

- 

1889 

1 

- 

1.04 

3.42 

1.26 

.0015 

.0206 

.0252 

.0044 

.29 

.0075 

.0002 

- 

- 

- 

1890 

- 

- 

0.77 

4.58 

1.83 

.0010 

.0235 

.0191 

.0044 

.28 

.0128  .0001 

- 

1.7 

- 

1891 

- 

- 

0.72 

4.02 

1.68 

.0004 

.0280 

.0194 

.0086 

.24 

.0105  .0001 

- 

1.0 

- 

1892 

- 

- 

0.89 

4.35 

1.92 

.0004 

.0281 

.0192 

.0039 

.29 

.0082.0001 

1      - 

1.8 

- 

1893 

- 

- 

0.98 

4.28 

1.86 

.0010 

.0219 

.0190  .0029 

.31 

.0054.0001 

1 

.8120 

1.2 

•  Jnne  to  December. 


Note  to  analyses  of  1898 ;  Iron,  .0139.    Odor,  generally  distinctly  vegetable,  occasionally  onplMaant, 

becoming  somewhat  stronger  on  heating. The  samples  were  collected  from  the  reservoir  near  the 

gate-house,  at  a  depth  of  eight  feet  beneath  the  surface.    For  monthly  record  of  height  of  water  In  thie 
reservoir  see  table  at  end  of  Boston  analyses. 
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♦  BOSTON. 

Sudbury  Riveb  Supply,  ^Microscopieal  Examinalion  of  Water  from  Reser- 
voir No.  2,  Framingham. 

[Number  of  organlams  per  cubic  centimeter.] 


1»»S. 


Jan 

reb. 

liar. 

Apr. 

May. 

Jane. 

July. 

Aoff. 

Sept 

Oct. 

Mot. 

Deo. 

Day  of  ezaminatloD, 

8 

2 

8 

4 

2 

2 

0 

4 

2 

3 

2 

0 

Number  of  sample,   . 

M40 

9902 

10007 

10204 

10842 

10400 

10600 

10720 

10950 

11125 

11270 

11487 

PLANTS. 

DlatomaceaD, 

1 

4 

8 

9 

m 

88 

81 

448 

88 

6 

181 

88 

Cyelotella,  . 
Dtatoma, 
ICeloeira,      . 
Navicola,     . 
BvDcdra, 
Tabellaria,  . 

0 
0 
0 
0 

1 

0 

0 
0 
0 
0 

1 

8 

^'6 
0 
0 
8 
0 

1 
0 
0 
8 
8 
2 

9 

8 

252 

11 

10 

pr. 

8 

1 

4 
4 

80 
0 
0 
0 
1 
0 

800 

2 

17 

0 

00 

4 

80 
2 
0 
0 

0 
0 
2 
2 
1 
0 

80 
44 

1 

0 

84 

0 

1 
0 
0 
4 
90 
4 

OyanopbycesD,  . 

0 

0 

0 

0 

pr. 

0 

0 

48 

46 

8 

8 

8 

Anabnna,    . 
Aoabnoa  sporee, 
Mlcrocysti*, 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

^'6 
pr. 

0 
0 
0 

0 
0 
0 

28 

0 

20 

25 

20 

0 

0 
0 
0 

0 
0 
0 

0 
9 
0 

jfiLlIf  DBy           •             .             •             • 

0 

0 

0 

0 

8 

8 

81 

896 

88 

in 

4 

8 

Cosmarlom, 

OloeocysUs, 

Protococcus, 

Rapbldlum, 

Seenedeamus,     . 

Btauraatrum, 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
2 
0 
0 
1 

0 
0 
2 
0 

pr. 

pr. 

0 
22 
0 
0 
2 
1 

1 
0 
284 
6 
2 
8 

0 

0 

85 

00 

0 

1 

85 
0 
0 
0 

70 
0 

0 
0 
8 

2 

^'o 

0 
0 
0 
0 
9 
0 

Fungri,  Crenothriz, 

pr. 

pr. 

5 

{ 

18 

pr. 

6 

84 

pr. 

0 

18 

0 

ANIMALS. 

Bblzopoda,  Aetino- 
phrys, 

0 

0 

0 

0 

pr. 

pr. 

0 

1 

0 

0 

0 

1 

Infusoria,    . 

pr. 

0 

0 

0 

1 

18 

1 

14 

0 

8 

0 

1 

Monaa, 
PertdiDtum, 
Vorticella,  . 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

1 

0 
0 

18 

0 
0 

0 
0 

1 

0 

0 

14 

0 
0 
0 

1 

7 
0 

0 
0 

• 

0 

1 

0 

Vermes, 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

0 

8 

6 

Polyarthra, 
Routoriao  ora,  . 

0 

0 

0 
0 

0 
0 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

^'o 

0 
0 

1 
2 

9 
9 

MUcellaneout,  ZoSgloM,  . 

0 

{ 

2S 

88 

144 

n 

n 

160 

88 

m 

88 

40 

Total, 

1 

6 

80 

49 

441 

70 

1 
185 

1,025 

191 

848 

106 

71 
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BOSTON. 

SuDBUKY  River  Supply. —  Chemical  Examination  of  Water  from  WaXker^s  Brook 

Marlborough. 

[PartB  per  100,000.] 


e 
I 


0884 
OOfiO 
10002 
10107 
10860 
10475 
10007 
10788 
10064 
11131 
11272 
11482 


IMS. 

Jan.  2 

Feb.  8 
Mar.  1 

Apr.  8 
May   2 

Jnne  5 
Jaly  5 
Ang.  7 
Sept.  6 
Oct.  2 
Nov.  1 
Deo.  4 


AvrSABAMCB. 


.1 

a 

w 

8 


i 

a 


Av. 


Av. 


1803. 


1802. 


Decided. 

SUgbt. 

Dedded. 

Slight. 

Thick. 

Slight. 

Dlatinct. 

Slight. 

Slight. 

V.  slight. 

Slight, 

milky. 
Decided. 


Heavy, 

gray. 
Coos. 

Heavy, 

earthy. 
Slight. 

Dedded. 

Cone., 

brown. 
Blight. 

Blight, 

fibrous. 
Slight, 

brown. 
V.sUght. 

V.  slight. 

Cons. 


Ubsidub  om 

EVAPOKA- 
TIOV. 


o 


eg 


0.70 
0.(0 
0.00 
0.70 
0.70 
0.60 
0.05 
0.18 
0.05 
0.10 
0.42 
0.07 


0.80 
14.06 
14.66 
11.06 
:  17.20 
13.66 
16.80 
15.00 
14.00 
11.00 
18.10 
12.60 


0.88 


14.06 


0.40'  16.84 


2.70 
8.40 
4.86 
2.90 
4.00 
4.86 
6.60 
4.26 
8.70 
8.20 
4.20 
8.70 


AMXOiriA. 


Albnmlnoid 


.J 
I 


I 
1 


i 


a 

00 


.1280 
.0620 
.0716 
.0818 
.0416 
.0044 
.0080 
.0014 
.0000 
.0000 
.0042 
.0664 


8.04 


4.85 


.0748 
.0216 
.0186 
.0200 
.0444 
.0180 
.0134 
.0160 
.0128 
.0144 
.0184 
.0878 


.0274 
.0188 
.0168 
.0182 
.0814 
.0166 
.0086 
.0126 


a 


.0474 
.0028 
.0018 
.0018 
.0130 
.0024 
.0088 
.0024 


.0100  .0028 


.0837 


.0807 


.0257 


.0274 


.0120 
.0160 
.0264 


.0180 


.0226 


.0024 
.0024 
.0004 


.0077 


.0048 


1.60 
1.06 
2.12 
1.60 
1.78 
2.08 
2.88 
1.07 
1.78 
1.66 
2.67 
1.68 


NrrmooEii 


I 


£     £ 


1.06 


2.68 


.1060 
.8000 

.1760 
.8000 
.2000 
.2000 

.2000 
.2000 
.1600 
.1000 

.1440 
.1700 


.0060 
.0013 
.0020 
.0015 


a 

« 

a 

8, 

K 
M 

o 


t 

6 

1 

S3 


.6087 
.6588 
.6006 


.0028 ; .0876 
.0015 ; .4676 
.0018 
.0018 


8.0 
6.1 
6.0 
3.8 
4.1 
5.0 


II 


.0002 

.0004 

I 

.0020 


.1878 


.2076 


.1071  5.8 
.1702  5.8 
.1680|  6.1 
.2070'  4.8 
.4600 


.0024  .7005 


4.0 


.0020 


.0087 


.3027 


5.2 


5.'i 


Iron,  .0278.    Odor,  generally  distinctly  mouldy  or  mnsty,  occasionally  offensive.    On  heating,  the 

odor  becomes  somewhat  stronger. The  samples  were  collected  Arom  the  brook  at  the  first  rosd 

bridge  below  Maple  Street,  abont  a  mile  south  of  the  centre  of  the  city  of  Marlborough. 

This  series  of  analyses  is  being  made  in  order  to  determine  to  what  extent  the  pollution  of  the  brook 
will  be  diminished  by  the  introduction  of  a  sewerage  system  into  the  city  of  Marlborough.  The  system 
was  put  in  operation  in  the  latter  part  of  1891. 
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B 


3 

3 

o 

a 

c 


APnUHASOB. 


■e 

a 


9Ml,Ju. 

9983  Feb. 
IMC8  Mar. 
TMa  Apr. 
10343  SCay 
KMT  Joae 
10591  Joly 
10771  Aag. 
UK7  Sept. 
1I12I  Oct. 

iirr  Sow, 

U4a  Dee. 


2  'I>eeided. 
llV.  aught. 
1,V.  alight. 

3  Slight. 

1  |v.aHght. 
1  jDlatlnet. 

5    V.  alight. 

'I 
3,  V.  alight. 


V.  alight. 
V.aHght. 
Slight. 
V^.aUght. 


At. 


« 


© 
o 


Cooa. 

V.  alight. 

V.  aUght. 

Slight. 

Slight. 

Cooa., 

earthy. 
V.  alight. 

Slight. 

V.aUght. 

Slight. 

V.  alight. 

V.  alight. 


0.90 
0.90 
1.20 
1.00 
1.30 
1.70 
1.30 
0.65 
0.60 
0.38 
0.05 
0.70 


0.95 


Rbsidus  on 

£VAPORA- 

TIOM. 

• 

• 

r 

e.2o 

2.40 

7.15 

2.40 

0.06 

2.50 

4.10 

1.35 

4.90 

2.20 

5.20 

2.70 

5.05 

2.60 

6.70 

2.16 

6.90 

2.90 

6.95 

1.70 

8.10 

2.70 

7.40 

2.30 

0.03 

2.27 

AXXONIA. 


Albamlnold. 

• 

i 

> 

• 

1 

1 

1 

1 

ii 

Bm 

H 

Q 

CO 

.0010 
.0116 
.0084 
.0005 
.0012 
.0018 
.0034 
.0016 
.0014 
.0000 
.0012 
.0008 


.0027 


.0844 
.0186 
.0228 
.0220 


.0274 
.0162 
.0198 
.0196 


.0296  .0236 


.0320 
.0356 
.0262 
.0266 
.0208 
.0868 
.0246 


.0278 


.0294 
.0384 
.0210 
.0208 
.0184 
.0880 
.0224 


.0237 


.0070 
.0024 
.0030 
.0024 
.0060 
.0026 
.0022 
.0042 
.0048 
.0024 
.0038 
.0022 


.0036 


« 
e 


.40 
.52 
.46 
.24 
.39 
.34 
.33 
.58 
.51 
.71 
.89 
.66 


.60 


NiTSOOBV 
AS 


.0100 
.0850 
.0300 
.0100 
.0200 
.0120 
.0070 
.0080 
.0080 
.0000 
.0070 
.0150 


.0127 


.0008 
.0002 
.0001 
.0002 
.0002 
.0001 
.0000 
.0001 
.0001 
.0000 
.0004 
.0008 


i 

6 

a 
•> 


1 

n 


.0002 


1.1028 
.8080 
.8928 
.7957 
.9818 
1.1862 
1.0191 
.4440 
.6490 
.8850 
.9880 
.8073 


.8264 


2.8 
2.6 
2.2 
0.9 
1.4 
1.4 
1.8 
1.9 
2.1 
2.2 
2.8 
2.0 

2.0 


Averages  of  Analyses  of  Previous  Years, 


1 

U8T* 

. 

- 

1 
0.97J 

7.74 

2.86 

.0029 

.0865 

- 

- 

.74 

.0152 

• 

- 

• 

-  , 

1888 

1 
1 

- 

1.16 

0.26 

2.17 

.0089 

.0812 

- 

- 

.51 

.0808 

.0004 

- 

- 

«• 

1889 

- 

1.11 

5.04 

1.76 

.0061 

.0808 

.0280 

.0028 

.50 

.0275 

.0005 

- 

- 

- 

UM 

1         " 

- 

0.72 

7.81 

2.12 

.0088 

.0257 

.0226 

.0032 

.66 

.0202 

.0008 

- 

2.4 

I 

1891 

1 

- 

0.86 

6.16 

2.24 

.0047 

.0291 

.0256 

.0085 

.59 

.0226 

.0008 

- 

2.0 

• 

18BS 

1         " 

- 

0.96 

6.19 

2.86 

.0015 

.0201 

.0252 

.0089 

.49 

.0202 

.0002 

- 

1.9 

- 

1808 

1 
1 

- 

0.96 

6.06 

2.27 

.0027 

.0278 

.0287 

.0086 

.50 

.0127 

.0002 

.8254 

2.0 

*  Jone  to  Deeemher. 

XoR  to  analysaa  of  1808;  Iron,  .0172.    Odor,  generally  diatlnotly  vegetable,  frequently  mouldy  or 

wpiesasm;  on  heating,  the  odor  ia  atronger  and  freqnently  graacy. The  aamplee  were  eoUected 

fnMB  the  brook  about  90  feet  below  the  first  road  above  Beeervoir  No.  8,  at  a  depth  of  one  foot  beneath 
the 


Microscopical  Examination, 

A  wage  attasber  of  organlama  in  1808, 123  per  enbic  oentlmeter.   In  September,  when  the  organisms 
abmdaat,  808  were  fonnd,  nearly  all  of  which  were  Ortrufthriai. 
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Sudbury  Rivbb  Supply. —  Chemical  Examination  of  Water  from  Beservoir 
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■ 

ArrBABAVOB. 

Rbsidub  ov 

EVAPOBA- 
TIOV. 

AmiONlA. 

4 

1 

.40 

NmooBx 

AS 

1 

• 

1 

a 
• 

1 

a 

5 
s 

t 

i 

1 

• 

« 

1 

Albamlnold. 

s 
s 

1 

H 

■ 

1 

• 

• 

I 

B 

1 

SB 

0842 

Jan.   2 

Slight. 

Slight. 

1.00 

6.40 

2.80 

.0024 

.0242 

.0220 

.0022 

.0050 

1 

.0001 

.0271  2.2 

0064 

Feb.   1 

Slight.* 

BUght. 

0.00 

6.15 

2.15 

.0084 

.0240 

.0102 

.0048 

.50 

.0200  .0001 

.8706  2.2 

10000 

Mar.  1 

V.  slight. 

Cons. 

0.00 

4.20 

1.85 

.0182 

.0228 

.0204 

.0024 

.20 

.0200 

.0001 

.7020|  1.7 

10202 
10844 

Apr.  3 
May   1 

Distinct, 
elayey. 
Slight. 

Cons. 
Slight. 

0.65 
1.00 

3.05 
4.00 

1.80 
1.05 

.0056 
.0008 

.0184 
.0206 

.0140 
.0168 

.0044 
.0038 

.20 
.82 

.0280 
.0200 

.0001 
.0002 

.6005 
.7400 

1.4 
1.3 

10408 

June  1 

Distinct. 

Cons. 

1.20 

4.40 

1.00 

.0004 

.0266 

.0244 

.0022, 

.80 

.0000 

.0002 

.0525!  1-4 

1                    1 

10UK2 

Jaly  6 

DUtinot. 

Blight. 

1.20 

5.00 

2.05 

.0000 

.0274 

.0246 

.0028 

.26 

.0050 

.0001 

.0243   1.3 

10722 
10058 

Ang.  3 
Sept.  1 

Decided, 

green. 

Decided. 

Cons., 

brown. 
SUght. 

0.85 
0.85 

4.05 
4.25 

2.40 
1.80 

.0000 
.0000 

.0284 
.0206 

.0204 
.0214 

.0080 
.0082 

.36 
.83 

.0050 
.0000 

.0000 
.0000 

1 
.0660  1.0 

.7180   1.8 

11127 

Oct.    2 

Decided. 

Cons. 

0.70 

5.25 

2.75 

.0004 

.0346 

.0282 

.0114 

.37 

.0000 

.0000 

.6314   1.6 

1 

11278 

Nov.  1 

Distinct. 

Cons. 

0.00 

5.30 

2.25 

.0012 

.0308 

.0212 

.0006 

.40 

.0030 

.OOM 

1 

.7820'  1.8 

11480 

Dee.  4 

Slight, 
clayey. 

Blight. 

0.65 

5.80 

2.05 

.0014 

.0232 

.0202 

.0080 

.57 

.0050.0001' 

.6435  2.2 

0.00 

1 

.0028 

.0250 

.0207 

.0052 

.37 

Av. 

4.07 

2.10 

.0100 

1 

.0001 

.7681    1-7 

1 

1 

Average  of  Analyses  of  Previous  Tears, 


-. 

1887* 

- 

- 

1 
0.01 

5.48 

2.02 

.0073 

.0818 

- 

- 

!•« 

.0170 

' 

- 

1888 

- 

- 

0.08 

4.08 

1.70 

.0088 

.0288 

- 

- 

.40 

.0218 

.0003 

- 

- 

1880 

- 

- 

0.84 

4.30 

1.50 

.0042 

.0306  .0254  .0052 

.42 

.0182 

.0008 

- 

- 

1800 

- 

- 

0.62 

5.40 

1.84 

.0020 

.0238  .0107  .0041 

1 

.40 

.0220 

.0002 

-       2.0 

- 

1801    ' 

- 

0.60 

4.75 

1.66 

.0082  .0242'. 0200  .0042 

.38 

.0100 

.0002 

i 

1.7 

- 

1802 

1 

- 

0.72 

5.17 

1.07 

.0024.0254.0210 

.0035 

.40 

.0211  .0001 

- 

1.8 

- 

1803 

1 

- 

- 

0.00 

4.07 

2.10 

.0028 

1 

.0250.0207 

.0052 

.37 

.0100.0001 

!       1 

.7681   1.7 

*  Jane  to  December. 

NoTB  to  analyses  of  1803;  Iron,  .0178.    Odor,  generally  distinctly  vegetable.    On  heating  the  odor  is 

stronger  and  frequently  unpleasant  or  disagreeable. The  samples  were  collected  from  the  reservoir 

near  the  gate- house  at  a  depth  of  eight  feet  beneath  the  surface.    For  monthly  record  of  height  of  water 
in  this  reservoir  see  table  at  end  of  Boston  analyses. 
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BOSTON. 

Sudbury  River  SvvPLY.—Microseopicdl  Examinaiion  of  Waiter  from  Reservoir 

No.  3,  Framingham, 

[Number  of  organtoms  per  cable  eentlmeter.] 


IMS. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jaly. 

An«. 

Sept 

Oet 

Not. 

Dee. 

Day  of  examination. 

8 

2 

8 

4 

2 

2 

8 

4 

2 

8 

2 

6 

Number  of  earn  pie,  . 

9942 

0064 

looeo 

10202 

10844 

10408 

10602 

10722 

10068 

11127 

11278 

11480 

PLANTS. 

DiatomaceaB,     . 

630 

pr. 

M 

18 

628 

278 

81 

818 

87 

1,816 

867 

tit 

Aeterlonella, 
Cyelotella,  . 
Utatoma, 
FragUarla,  . 
Meloelra,      . 
Bynedra,      •       .       • 
Tabeilarla,  . 

86 
0 
0 
0 
1 
< 

502 

0 
pr. 

0 
0 
0 

0 
0 
0 
2 
22 

1 
0 
0 
0 
2 
4 
6 

460 
1 

10 

10 

4 

116 

82 

00 

2 

4 

8 

28 

T4 

104 

0 
48 
0 
0 
0 
2 
1 

0 
800 
8 
0 
8 
8 
0 

16 

1 
0 
0 
0 

1 
20 

072 
0 
0 
0 
0 
0 

844 

480 
44 
66 

0 

26 

280 

72 

100 
2 

0 

0 

18 

80 

12 

GyanophyoecB,  . 

0 

0 

0 

0 

0 

0 

17 

74 

50 

0 

4 

0 

AnabiBoa,    . 
Clathrocyatla,      . 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

17 
0 

62 

22 

0 
60 

0 
0 

0 

4 

0 

0 

Alf^tBt          •           •           •           • 

8 

0 

0 

0 

108 

6 

71 

M 

1 

18 

87 

1 

Chloroooeena, 

Protoeoeeua, 

Raphldlam, 

Bcenedeemne, 

Btanraatram, 

Stanrogenla, 

0 
0 

1 

2 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 
0 
0 
80 
22 
0 

0 
6 
0 

1 
0 
0 

0 
64 
0 
8 
0 
4 

6 
15 
2 
0 
2 
0 

0 
0 
0 
0 

1 

0 

17 
0 
0 
0 
1 
0 

1 
20 
8 
6 
0 
8 

0 
0 
0 

1 

0 
0 

Fungrlt  Crenothrix, 

0 

0 

0 

t 

0 

0 

1 

0 

0 

0 

8 

0 

ANIMALS. 

InfUBorla,     . 

1 

0 

6 

2 

3 

2 

2 

25 

1 

125 

108 

1 

■ 

Dtoobryon, 
Dlnobryon  caaea, 
IConas, 
Peridininm, 
Bynara. 

Tracheiomonas,  . 
Vortioella,  . 

0 
0 
0 

1 

0 

0 
0 
0 
0 
0 
0 
0 

5 
0 
0 
0 
0 
1 
0 

0 
2 
0 
0 
0 
0 
0 

3 
0 
0 
0 
0 
0 
0 

0 
0 

1 

0 
0 

1 

0 

0 
0 
2 
0 
0 
0 
0 

0 
0 
2 
0 
2 
4 
17 

0 
0 

0 

1 

0 

0 
0 
0 
124 
0 
1 
0 

0 
104 
0 
0 
0 
5 
0 

0 

1 

0 
0 
0 
0 
0 

Vermes,  Polyarthra,    . 

0 

0 

6 

0 

0 

0 

0 

0 

0 

0 

7 

0 

JtUcellaneouM,  ZoUgloM,  . 

82 

0 

1 

82 

64 

886 

44 

2 

,    820 

1 

24 

482 

56 

6 

Total, 

,718 

pr. 

112 

SI 

|l,l«6 

830 

144 

1,261 

118 

1 

2,001 

1 

1,178 

220 
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BOSTON. 

CoGUiTtiATE  Supply,  —  Chemical  ExamintUion  of  Water  from  Lake  CochituaU, 
in  Wayland. 

[P«ru  p«r  100,000.] 


Averages  of  Aitals»ea  of  Previout  Teara. 


lt§T* 
VOX 

\m 
vm 

mi 
\«a 

vfa 

- 

0.1» 

o.ss 

o.u 

0.1a 
o.si 

s.oa 

4.M 

e.08 

4.T4 
4.M 

l.M 
l.M 
I.«2 
1.0! 

l.M 

.008S 

.oost 

.«01» 

.0018 
.DOIG 

.0117 
.0184 
.0108 

0140 

.0133 
.DISS 

: 

.0016 
.0039 

.43 
.40 

.42 
.48 
.46 

■H- 

.om  .0008 

.oios'.oaus 

.0008  .0001 

1 

3.4 
l.t 

1.0 

Hon  ts  UUI7MS  of  1S08;  IroD,  -OOTO.    Odar,(«nanUyT«EaMbla,  treqyeatlj  unpleuwit,  tc 

on*. The  MinplM  w«r*  collected  In  Ibe  (Ste-IioaM.     Fur  maDthl;  racord  of  height  of  wu 

,ke,  *H  table  ■!  «Bd  ot  B«toD  >iulf  Ma. 
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BOSTON. 

CocHTTUATE  SuppLT.  —  MicTOseoptcol  ExamifuUion  of  WcUer  from  Lake  CochU' 

uaUf  in  Wayland. 

[Nnmber  of  organisms  p«r  cubic  centimeter.] 


1»»S. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

Jnly. 

Aug. 

Sept 

Oct. 

Nov. 

Deo. 

Day  of  examination, 

8 

2 

3 

4 

2 

2 

6 

4 

2 

8 

2 

6 

ITuaberof  tample. 

0843 

006ft 

10070 

10206 

10846 

10409 

10608 

10723 

10969 

11128 

11279 

11440 

PLANTS. 

DUtomaceeo,  . 

807 

60 

84 

181 

1,274 

1,427 

202 

0 

37 

44 

182 

848 

Aiterlonella,    . 

CyclotcUa, 

FragUaria, 

Meloitra,  .... 

Btephanodiacna, 

Srocdra,  .... 

Tabeliaria, 

618 
92 

0 
180 
8 
0 
9 

17 
22 
0 
11 
0 
0 
0 

4 
11 
0 
18 
0 
1 
0 

82 

26 

0 

72 

0 

1 

pr. 

604 

74 

18 

404 

0 

98 

1 

670 

600 

0 

10 

0 

11 

276 

0 
0 
0 
0 
6 
0 
196 

0 
0 
0 
0 
0 
0 
0 

22 
1 
0 
0 
0 
9 
6 

24 
0 

16 
4 

0 
0 
0 

41 
17 
20 
18 
0 
0 
96 

172 

48 

0 

280 

7 

1 

440 

QyanophyceflB, 

106 

0 

0 

0 

0 

28 

28 

2 

21 

0 

60 

0 

Attatona, . 
Clathrocyatifl,  . 
Microeyatla,     . 

108 

^'6 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

20 
8 
0 

21 
2 
0 

0 
0 
2 

3 

6 

12 

0 
0 
0 

22 

pr. 

88 

0 
0 
0 

Algm, 

18 

0 

4 

0 

0 

26 

64 

24 

10 

52 

76 

80 

Byalotlieca,      . 
ProtocoeeiM,    . 
Buurofenla,     . 

2 

12 

4 

0 

0 
0 
0 
0 

0 
4 

0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

7 

0 

10 

0 

0 

0 

04 

0 

0 

0 

20 

4 

2 
0 
6 
2 

62 
0 
0 
0 

0 

0 

76 

0 

0 

0 

80 

0 

Fungi,  Cienothrlz,     . 

0 

0 

pr. 

1 

0 

0 

0 

0 

0 

8 

pr. 

1 

ANIMALS. 

Bhisopoda,  Aetinoplirys, 

2 

pr. 

1 

pr. 

1 

1 

1 

1 

pr. 

0 

1 

0 

laAifloria,  .... 

8 

8 

8 

pr. 

24 

86 

2 

0 

0 

2 

70 

6 

Dliiobryon,       ... 
DinoteTOB  eam,     . 
PMdmiinn,      •       •       . 
Bmia,    .... 
Tneheloinonaa, 
VoitkaUa,       .       . 

0 
0 

1 

0 
2 
0 

0 
0 
2 
0 

4 
0 

0 
2 
0 
0 
1 
0 

0 
0 
0 
0 

6 

7 
4 
0 
2 
6 

42 
42 

0 
0 

1 
0 

0 
0 
0 
2 

^'6 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

s 

0 
0 
2 
0 
0 
0 

0 
70 

0 
0 

0 
6 
0 
0 
0 
0 

Glriistacea,  Cyelops* 

.04 

.04 

0 

0 

.02 

.02 

0 

0 

0 

0 

0 

6 

il>NiffaiMM, 

88 

2 

.     7 

188 

506 

.06 

7 

4 

24 

88 

0 

60 

Acaifafl,   •       ■       ■        • 
2o6gkea,  .... 

0 
88 

0 
2 

0 

7 

0 
168 

0 
608 

.06 
0 

0 

7 

0 

4 

0 
24 

.02 
88 

0 
0 

0 

60 

Toui,     .       .       •        • 

1,024 

68 

40 

800 

1,807 

1,662 

299 

81 

92 

180 

899 

1,045 

114 
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BOSTON. 

CocHiTU ATE  Works.  —  Chemical  Examination  of  Water  from  a  Faucet  at  the 

Massaehusetts  Institute  of  Technology^  Boston. 

[PartB  per  100,000.] 


• 

1 

S 

Appbabaitcs. 

RaexDDS  ON 

EVAPOBA- 
TIOV. 

Ammomia. 

* 

« 
.46 

NlTB0OB2f 

Ae 

1 

m 
e 

1 

O 

• 

1 

• 

1 

» 

1 

1 

Albamlnold. 

• 

I 

1 

• 

i 

1 

■ 

D 

■  »5 

■i 

1 

1^^ 

* 

1 

1 

33 

0844 

IMS. 

Jan.   3 

Slight. 

Slight. 

1.10 

6.00 

2.86 

1 

.0020 

1 

.0202 

.0160 

.0042 

.0120  .0000 

.9709 

2.1 

¥VOO 

Feb.  2 

V.ellght. 

V.  Blight. 

0.00 

6.06 

2.20 

1.0086 

1 

.0204 

.0182 

.0022 

.46 

.0120 

.0001 

.8687 

2.5 

10071 

Mar.  2 

'  V.ellght. 

Slight. 

0.05 

4.86 

1.90 

.0022 

.0166 

.0140  .0016 

.42 

.0250 

.0001 

.6480 

2.1 

10207 

Apr.  4 

Slight. 

Slight. 

0.60 

4.36 

1.40 

.0014 

.0122 

.0106  .0016 

.29 

.0300 

.0001 

.4708 

1.8 

10840 

May    1 

Slight. 

Slight. 

0.60 

4.20 

1.90 

1.0004 

.0164 

.0122  .0042 

.84 

.0260 

.0002 

.5402 

1.3 

10470 

Jnm  2 

Slight. 

Slight. 

0.00 

4.60 

1.60 

.0000 

.0140 

.0106  .0084 

1 

.36 

.0180 

.0000 

.5175 

1.8 

10504 

Jnly  5 

Slight. 

Slight. 

o.eo 

4.06 

1.86 

.0014 

.0210 

.0186  .0024 

1 

.32 

.0180 

.0000 

.5475 

1.8 

10724 

Ang.  3 

^  Slight. 

Slight. 

0.62 

4.46 

2.26 

.0002  .0202. 01 68|. 0034 

.38 

.0100 

.0001 

.4099 

1.6 

looeo 

Sept.  2 

Slight. 

Slight. 

0.66 

4.00 

1.75 

.0000  .0160  .0180 

.0020 

.34 

.0070 

1 

.0000 

.5600 

1.4 

11120 

Oct.    2 

Slight. 

Cone. 

0.42 

3.06 

1.60 

.0000.0192.0156.0086 

1          1 

.36 

.0050 

.0000  1.4466 

1.9 

11280 

Nov.  1 

Slight. 

Slight. 

0.40 

3.95 

1.60 

.0000  .0164 

1 

.0142.0022 

.41 

.0030 

.00041  .6880 

1 . 

1.6 

11441 

Dee.  4 

V.  Blight. 

V.ellght. 

0.65 
0.61 

4.05 

1 

1.90 

.0004 
.0010 

.0174 
.0174 

.0162  .0012 

i 

1 

.0147  .nrwT 

.44 
.88 

.0060.0000 

1 
1 

.0148  noni 

1.5421 

1 
1 

'.5976 

1.7 

Av. 

4.64 

1.84 

1.8 

II 

1 

Averages  of  Analyses  of  Previous  Years, 


- 

0.35 

4.89 

1.37 

- 

0.88 

1 

4.94 

1.53 

- 

0.51 

4.71 

1.43 

- 

0.85 

4.70 

1.25 

- 

0.37 

4.39 

1.63 

- 

0.37 

4.70 

1.67 

- 

0.6l' 

1 

4.64 

1.84 

.0002 
.0012 
.0006 
.0003 
.0005 
.0007 
.0010 


.0225 

- 

- 

.41 

.0215 

- 

- 

.40 

.0199 

.0176 

.0023 

.42 

.0160 

.0148 

.0021 

|.42 

.0161 

.0136 

.0026 

.37 

.0168 

.0188 

.0030 

.41 

.0174 

.0147 

.0027 

.38 

.0094!    -     I 
.0183!.  0002!  I 
.0272  .0002, 

I 

.0241  .00011 ! 

I' 

.0227  .0001 1 1 

1 

.0210  .0001 


-  .  2.2 

-  1  1.7 

-  '  1.9 


.0143.0001   .5976   1.8 


*  Jane  to  December. 

Note  to  analyeee  of  1893;  Iron,  .0121.  Odor,  faintly  vegetable,  eometimee  none.  The  odor  becomee 
aomevhat  etronger  on  heating  and  oocaeionally  unpleasant. 

The  table  of  averages  shows  that  the  water  supplied  to  the  city  In  1893  had  a  higher  color  than  in 
previous  years,  a  result  which  is  due  to  a  combination  of  several  clrcumstaneee. 

The  color  of  the  water  of  streams  varies  from  year  to  year  and  during  1893  was  above  the  arersge. 
It  is  also  the  case  that  at  the  end  of  1892  the  reservoirs  were  filled  with  an  unusually  dark  colored  water, 
owing  to  heavy  rains  in  November. 

The  water  of  Sudbury  River  has  a  higher  color  than  that  of  Lake  Cochltuate,  and  the  increasing 
consumption  of  water,  which  requires  a  larger  proportion  to  be  furnished  from  the  river  each  year,  tends 
to  increase  the  color  of  the  water  supplied  to  the  city. 

There  is  still  another  cause  for  the  darker  color  of  the  water  in  1898,  namely,  that  all  the  water 
supplied  to  Chestnut  Hill  Reservoir  from  Dec.  10,  1892,  to  Jan.  10,  1898,  came  from  Sudbury  River, 
owing  to  the  temporary  disuse  of  the  Cochltuate  aqueduct  while  a  sewer  was  being  oonstmcted  beneath 
it  in  Newton. 
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BOSTON* 

CocBiTUATE  Works.  —  Microscopical  Examination  of  Water  from  a  Faucet  at 

the  MaasachusetU  Institute  of  Technolosty,  Boston. 

[Number  of  orgaoUms  per  cable  eentlmeter.] 


189S. 

Jen.  Feb. 

Blar. 

Apr. 

Umj. 

Joae. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Dec. 

J>Bj  of  ezftmlDfttioD, 
Nnmber  of  •ample,   . 

8 

9644 

2 

9000 

8 
10071 

4 

10207 

2 

10846 

2 
10470 

6 
10504 

4 
10724 

5 
10800 

8 
11120 

2 
11280 

6 
11441 

PLANTS. 
DlatomacecB, 

Atlerlonella, 
Cyelotella,  . 
^agilaria,   . 
Melofllra, 
Synedra, 
Tabellarla»  . 

Oyanophyceee,  . 

Clathrocystifl,      . 
Mleroeystle, 

Al9» 

Chlorococcofl,     . 
Protococcufl, 
Raphidlum, 
Scenedeemafl, 

228 

44 

4 

0 
178 

0 

0 
0 

0 

0 
0 
0 
0 

n 

4 
7 

!! 

0 

0 
0 

0 

0 
0 
0 
0 

10 

2 

1 
0 

4 
1 
2 

0 

0 
0 

pr. 

0 

0 

0 

pr. 

18 

4 
2 
0 
0 
2 
4 

0 

0 
0 

0 

0 
0 
0 
0 

485 

246 

0 

0 

M> 

58 

82 

8 

0 
0 

1 

1 
0 
0 
0 

80 

22 
16 
28 
2 
2 
15 

0 

0 
0 

10 

pr. 

10 

0 

pr. 

150 

0 
26 
0 
0 
0 
182 

1 

1 
0 

0 

0 
0 
0 
0 

887 

0 
4 
0 
0 
1 
282 

7 

6 

1 

8 

0 
5 
0 
0 

140 

8 

4 
0 
0 
0 
128 

1 

0 

1 

88 

5 

5 

16 

0 

208 

85 

0 

15 

10 

0 

148 

0 

0 
0 

7 

0 
0 
0 
7 

847 

60 

16 

6 

6 

0 

260 

15 

3 
12 

8 

0 

fi 

4 
0 

117 

36 
7 
0 
0 
2 

72 

8 

0 
0 

0 

0 
0 
0 
0 

ANII£AL8. 
Bhlzopoda,  Dlfflagla, . 

InftiBorla,     . 

IMnobryon  eaeefl, 
PerldlDlom* 
Trachelomonaa.  . 

0 
pr. 

0 

0 

8 

0 

8 

pr. 

0 

t 

1 
0 

1 

0 

0 

0 
0 
0 

0 

1 

0 
pr. 

0 

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

0 

0 
0 
0 

0 

s 

4 
0 

1 

2 

8 

0 
5 
1 

0 

0 

0 
0 

• 

0 

0 

0 
0 
0 

Jfiacellaneoutt  ZoSglosa, . 

4 

0 

80 

8 

20 

16 

12  1     88 

28 

64         5  '     11 

Total, 

1                    1 

230       10        42  i      21 

1                      ' 

457  >    106 

171       285       200       807 

876  i    128 
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B0ST019^. 

Mystic  Supply.  —  Chemical  Examination  of  Water  from  Mystic  Lake. 

[Parts  per  100,000.] 


• 

APrKABAXOB. 

Rksiddb  on 

EVAPOBA- 
TION. 

AUUOVXA. 

1 

2.80 
2.00 
2.20! 
1.80 
1.08 
1.02 
2.36 
2.661 
2.68 
3.10 
3.12 
2.77 

2.40 

NiTBOOBN 
AS 

• 

1 

S 

1     a 

■ 

1 

1 
1 

• 

• 

1 

• 

§1 

• 

AlbnmlnoM. 

• 

s 

i 
s 

1 

• 

1 

• 

•0 
1 

CD 

i 

c 

0847 
0071 
10061 
10108 
10647 
10476 
10586 
10781 
10044 
11121 
11282 
11431 

18»8. 

Jan.   4 

Feb.   6 
Mar.  1 
Apr.  3 
May   2; 
Jnne  5 
Jnly  5 
Aug.  4 
Sept.  1 
Oct    1 
Nov.  1 
Deo.  4 

Slight, 

brown, 
v.  slight. 

Slight. 

Distinct, 
clayey. 

Distinct, 
brown. 

Distinct, 
green. 

Distinct. 

Distinct. 
Distinct. 
V.sUgbt. 
Distinct. 
V.  slight 

Slight, 

brown. 
Slight. 

Slight. 

Slight. 

Cons., 

brown. 
Slight. 

green. 
Cons., 

green. 
Cons. 

Slight. 

Slight, 

green. 
SUght. 

V.  slight. 

0.04 
0.08 
0.10 
0.20 
0.08 
0.20 
0.05 
0.10 
0.12 
0.10 
0.05 
0.03 

0.10 

13.80 
14.50 
12.60 
8.30 
11.05 
10.10 
11.75 
12.50 
12.60 
16.50 
14.76 
14.06 

1.65 
2.00 
2.80 
1.30 
2.16 
2.85 
2.50 
2.25 
1.60 

1 

2.50 
2.40 
2.56 

1 
1 

.0456 
.0520 
.0352 
.0420 
.0480 
.0146 
.0020 
.0008 
.0004 
.0006 
.0106 
.0274 

.0240 

.0180 
.0284 
.0222 
.0252 
.0170 
.0222 
.0100 
.0204 
.0216 
.0106 
.0210 
.0182 

.0152 
.0206 
.0188 
.0206 
.0102 
.0176 
.0140 
.0168 
.0142 
.0146 
.0144 
.0186 

.0028 

.0028 

.0034 

.0046 

.0074 

1 

.00461 

.0050 

.0126 

.00741 

.0050 

.0066 

.0046 

1 

.0066 

.0700 
.0800 
.0000 
.0600 
.0850 
.0000 
.0750 
.OfiOO 
.0800 
.0800 
.OMO 
.0800 

.0583 

.0012 
.0002' 
.0005 
.0006 
.0005 
.0010 
.0020 
.0001 
.0001 
.0006 
.0016 
.0005 

.0007 

.2044 
.2066 

.2866 

t 

.4015 
.2847 
.8625 
.2440 
.2627 
.2U0 
■.2156 
.2760 
.2067 

5.3 
5.4 
4.6 
2.0 
3.8 
3.4 
8.6 
4.2 
4.2 
4.0 
5.0 
5.8 

Av. 

12.62 

2.17 

.0215'  015Q 

p 

.2650 

4.4 

Averages  of  Analyses  of  Prevvms  Years, 


• 

1887* 

- 

- 

0.28 

10.82 

1.62 

.0114 

.0266 

- 

- 

2.06 

.0263 

- 

- 

- 

- 

1888 

- 

- 

0.21 

10.12 

1.76 

.0244 

.0267 

- 

- 

1.04 

.0438 

.0016 

- 

- 

- 

1880 

- 

- 

0.20 

0.02 

1.07 

.0211 

.0278 

.0200 

.0060 

1.67 

.0686 

.0012 

- 

- 

- 

1800 

•> 

- 

0.18 

10.65 

1.78 

.0107 

.0228 

.0188 

.0040 

1.67 

.0706 

.0008 

- 

8.7 

- 

1801 

- 

- 

0.13 

0.50 

1.81 

.0186 

.0242 

.0187 

.0055 

1.58 

.0781 

.0012 

- 

8.5 

- 

1802 

- 

- 

0.07 

11.52 

2.00 

.0185 

.0206 

.0168 

.0058 

2.22 

.0608 

.0007 

- 

4.1 

- 

1808 

- 

- 

0.10 

12.62    2.17 

.0240 

.0216 

.0150 

.0056 

2.40 

.0688 

.0007 

- 

4.4 

*  June  to  December. 


NoTB  to  analyses  of  1803;  Iron,  .0040.    Odor,  generally  vegetable  and  mouldy  or  disagreeable. 

The*samples  were  collected  from  the  lake  near  the  gate-house.    For  monthly  record  of  height  of  water 
in  this  lake,  see  table  at  end  of  Boston  analyses. 
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BOSTON. 

Mtstic  Supply.  —  Microscopical  Examination  of  Water  from  Mystic  Lake. 

[Number  of  organlama  per  onbic  oentimeter.] 


1»M. 

Jan. 

Feb. 

Mar. 

Apr. 

Ma7- 

Jnne. 

1 

Joly. 

Aug. 

8ept 

Oet 

Mot. 

Dec. 

Day  of  ezamlnatloD, . 

6 

7 

2 

4 

2 

6 

6 

6 

2 

2 

8 

4 

Number  of  lample,  . 

0847 

9on 

10061 

10108 

10847 

10476 

10686 

10781 

10044 

11121 

11282 

11481 

PLANTS. 

DlatomaceaD, 

846 

IS 

19 

8 

884 

8,872 

8,647 

1,884 

871 

468 

7,841 

2,406 

Aeterionella, 
Dtatoma, 
Fragllarla,  . 
ICelotIra,     .              . 
NaTieoIa,     . 
B^oedra, 
Tabellaria,  . 

06 

102 

06 

0 

8 

76 

0 

0 
0 
0 
0 
0 
12 
0 

11 
0 
8 
0 

1 
4 
0 

^'o 

0 

1 

0 
2 

0 

26 
0 

47 

22 

0 

402 

28 

0 
0 
02 
0 
0 
8,880 
0 

0 
7 
160 
0 
0 
6,480 
0 

0 
0 

164 
0 
0 

000 
0 

0 
0 
0 
0 
0 
060 
2 

0 

0 

464 

8 

1 

81 
0 

1 
0 
640 
0 
0 
7,200 
0 

0 
0 
6 
0 
0 
2,400 
0 

^\gB&$      •       .       .       • 

m 

t 

t 

0 

26 

187 

188 

U467 

187 

184 

880 

164 

Coemarinm,        . 

Pedlaetram, 

Protoeoceus, 

Raphidinm, 

Beenedesmiu, 

Staarattmm, 

5 
0 
0 
5 
114 
pr. 

1 

0 
0 
0 

1 

0 

0 
0 

2 
0 

0 
0 
0 
0 
0 
0 

0 
0 
26 
0 
0 
0 

0 
6 

0 

1 

0 

0 

180 

2 

82 

8 

44 

0 

1.860 

48 

2 
7 
0 
0 
128 
0 

^'o 

0 

0 

264 

0 

28 
2 

280 
0 

680 
0 

4 
0 
0 
2 

148 

1 

Funirl*  Crenothrlz, 

1 

0 

pr. 

0 

pr. 

8 

8 

0 

0 

0 

20 

40 

ANIMALS. 

Bhlaopoda,  Difflugla, . 

0 

0 

0 

0 

8 

0 

0 

8 

0 

0 

0 

0 

Infusoria,  Perldinlam, 

pr. 

0 

pr. 

0 

0 

0 

87t 

2,100 

8 

228 

18 

0 

"VeirmdB, .      ■      .      • 

0 

9 

0 

.0 

1 

0 

1 

8 

1 

0 

0 

0 

Anarea,       •       •       * 
Monocerea, . 
Polyarthra, . 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

1 

0 

0 

;    0 

0 

0 

1 

0 

1 
0 
2 

1 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

MiacelianeoM,  ZoiSgloBa, . 

280 

0 

244 

180 

8 

86 

1 

1     ' 

8 

1 
760 

86 

76 

B 

Total 

760 

20 

266 

168 

1 

j    680 

4,206 

6,106    4,667 

1 

1,860 

1,027 

8,882 

2.618 
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BOSTON. 

MT8TIC  Sdpplt.—  Chemteai  Examinatton  of  WaUrfrom  Mystic  Lake,  at  Variout 
Deptha. 

[PuU  par  100,000.] 


Iroti,  Id  Ihs  flnl  umpls,  .0080;  Id  Iha  KOODd,  nona;  In  tha  third,  .00!0;  In  tha  lut,  .OTTO. 

Odor  ol  >b>  flrit  HiBpla,  fmldtly  dU>(rsnblg,  beoomlng  (troniai  an  heUlDg;  of  tha  nail  tiro 

■unplH,  Terj  faint  or  Dooa;  of  the  lut  »tapl«,  otIenilTe. Tha  OMtMinpIe  vuoollscled  U  Ibsnii- 

f«ce,  ind  tba  otbara  la  Older  at  daptba  of  10,  M  and  14  faat  raapaMIialj  banaath  Iha  nrfue. 


Mystic  Supplt.  —  Microtcopieal  Examination  of  Water  from  Mj/ilic  Lake,  < 
Various  Depths. 

[ZfTamher  of  Drgaolama  par  i 


ISU. 

Much. 

^.rah. 

«.r.h. 

M«*. 

MambarofaMipl 

100R& 

lOOM 

lOOOT 

lOOM 

PLAST8. 
A.I«riOQ.ll«. 

II 

I 

at 

0 

1 

0 

n 

00 

1 

ft. 

II 

Synirf™ 

» 

TJlothrl. 

jnKai;aiuoiH.  ZoagicM, 

lU 

IIB 

m 

.,« 

Tot 

1« 

s» 

-» 

.« 
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BOSTON. 

Mtstic  Supply. — ChemiccU  Examination  of  Water  from  a  Faucet  in  Everett 

supplied  from  the  Mystic  Works. 

[ParU  per  100,000.] 


• 

i 

ArrSAKAVCB. 

RxaiDUl  OM 

JCVAPOSA- 

TIOX. 

1 

1 

AmoaiA. 

1 

6 

1 

|2.6« 

1 

1 

NlTBOOBX 

AS 

a 

1 

8 

1 

1 

• 

i 

1 

J" 

1 

Albamlnold.     j 

i 
1 

S 

1 

Date  of  Co 
Turbidttj- 

• 

1 

i 
1 

s 

it 

1 

10101 

Mar.  7  \  SUght. 

BUght. 

0.18 

18.20 

2.60 

.0872 

1 

.0282 

.0212 

.0020 

.0000^.0002 

.8024 

5.0 

Iron,  .0100.    Odor,  offenaive. The  Hunple  waa  eoUeeted  from  a  faaoat  In  Everett. 

Microscopical  Examination. 

Dlatomaee«,  A$terion4ila,  10;  Sfn^dra,  1.    Fungi,  /Vm^ut,  8.    Infoaoria,  VofHuUat  1.    lIlaoeK 
laneoosp  ZodgUta,  208.    Total,  284. 


Table  showing  the  Average  Monthly  Heights  in  Feet  above  Tide-marsh  level  of  the 
Water  in  the  Lakes  and  Storage  Reservoirs  of  the  Boston  Water  Works^from 
which  Samples  of  Water  were  collected  during  the  Year  1893. 


Beterrolr 
Mo.  2. 

Flash  Boards, 
187.12 

Beserrolr 
Mo.  8. 

Stone  Crest, 
175.14 

Reservoir 
Mo.  4. 

Flash  Boards, 
216.21 

Farm  Pond. 

Hlffh  Water, 

140.25 

Lake 

Coehltnate 

Hlf  h  Water, 

134.88 

Mystle  Lake. 

High  Water, 

7.00 

January,  . 

182.06 

180.42 

196.79 

148.78 

128.88 

4.84 

Febmary, 

164.17 

172.40 

201.06 

140.08 

128.71 

4.88 

March,      . 

186.02 

174.17 

210.22 

140.08 

181.66 

4.48 

April,        .        . 

180.20 

175.80 

214.60 

140.42 

184.08 

8.22 

May, .       . 

188.48 

176.60 

214.88 

148.76 

184.41 

8.87 

Jane, 

188.98 

174.70 

216.16 

148.87 

138.88 

6.41 

Joly, . 

182.02 

171.84 

215.08 

148.89 

182.40 

4.62 

Angnat, 

181.20 

187.67 

208.88 

148.55 

181.21 

2.84 

September, 

181.88 

187.76 

190.80 

148.42 

120.80 

1.80 

October,    . 

158.00 

161.10 

180.88 

148.27 

128.24 

—0.08 

November, 

157.48 

158.80 

172.70 

148.87 

128.08 

—0.20 

December, 

168.56 

182.00 

171.87 

148.88 

127.87 

1.10 

1 

The  reeervoirs  on  Sndbnry  Blver  were  drawn  to  an  nnnsually  low  level  in  1808.  Reservoir  No.  2 
in  Deeember  contained  118,600,000  gallona  equal  to  22  per  cent,  of  lu  total  capacity;  Reservoir  No.  8  in 
November  contained  82,000,000  gallona  equal  to  6.8  per  cent,  of  its  total  capacity;  Reservoir  No.  4  in 
December  was  practically  empty,  containing  only  11,000,000  gallons,  equal  to  less  than  one  per  cent, 
of  ita  total  capacity. 
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bradford. 
Water  Supply  of  Bradford.  —  Bradford  Water  Company. 

Chemical  Examination  of  Water  from  the  Wells  of  (he  Bradford  Water  Company, 

[ParU  per  100,000.] 


Date  of 

Collection. 

Appsabakos. 

■ 

I" 

AXMOVIA. 

• 

s 

i 

NlTBOOBir 
AS 

■ 

a 

M 

o 

1 

SB 

• 

B 

*i 

• 

■ 

1 

1 

S 

• 

1 

18»S. 

0880 

Jan. 

17 

Slight, 
milky. 

Sligbt, 
msty. 

0.00 

6.80 

.0844 

.0062 

.80 

.0800 

.0000 

.0040 

2.1 

.1240 

10022 

Feb. 

15 

Distinct, 
rusty. 

Cons., 
msty. 

0.28 

5.00 

.0802 

.0052 

.81 

.0600 

.0001 

.1085 

2.6 

.1000 

10103 

Mar. 

S 

Distinct, 

milky. 

Decided, 

None. 

0.80 

0.10 

.0254 

.0054 

.84 

.0600 

.0005 

.0720 

2.7 

.ooao 

10283 

Apr. 

11 

Cons., 

0.65 

4.70 

.0842 

.0086 

.82 

.0060 

.0001 

.0876 

2.2 

.0400 

milky. 

rufcty. 

108T1 

May 

0 

Distinct, 
milky. 

Cons., 
brovn. 

0.40 

6.40 

.0060 

.0068 

.20 

.0100 

.0001 

~ 

0.8 

.0000 

10406 

June 

7 

SllRht, 

V.slight. 

0.12 

6.70 

.0122 

.0086 

.83 

.1000 

.0006 

.0460 

2.7 

.<nso 

milky. 

10018 

July 

0 

Distinct, 
milky. 

Cons., 
rusty. 

0.02 

6.10 

.0208 

.0016 

.26 

.0560 

.0001 

.0800 

2.3 

.0657 

10758 

Ang. 

9 

Distinct, 

milky. 

Decided. 

Cons., 
msty. 

0.08 

6.00 

.0628 

.0028 

.80 

.0700 

.0001 

.1501 

2.6 

.0700 

11012 

Sept. 

11 

Slight, 

0.80 

6.70 

.0670 

.0062 

.80 

.0100 

.0066 

.1131 

8.6 

.0600 

rusty. 

. 

11168 

Oct. 

9 

Decided, 

milky. 

Decided, 

Cons., 
msty. 

0.25 

6.80 

.0488 

.0082 

.28 

.0880 

.0000 

.1078 

2.1 

.1200 

11808 

Nov. 

8 

Cons. 

0.05 

6.70 

.0884 

.0068 

.82 

.0220 

.0020 

.1480 

3.2 

.0780 

milky. 
Decided, 

11458 

Dec. 

6 

None. 

0.60 

6.60 

.0870 

.0048 

.28 

.0100 

.0008 

.0807 

2.9 

.0060 

milky. 

0.88 

.0004 

2.5 

Av. 

5.80 

.0207 

.0047 

.80 

.0476 

.0008 

.0774 

Averages  of  Analyses  of  Previous  Years, 


1889* 

. 

. 

0.00 

8.05 

.0000 

.0014 

.21 

.0400 

.0000 

- 

1.6 

1890t 

- 

- 

0.00 

5.80 

.0002 

.0086 

.34 

.0150 

.0001 

- 

2.6 

1891t 

- 

- 

0.04 

6.40 

.0000 

.0027 

.28 

.0350 

.0001 

- 

1.8 

1892 

- 

- 

0.03 

6.69 

.0202 

.0029 

.28! 

.0760 

.0003 

- 

2.4 

1898 

- 

- 

0.83 

5.80 

.0207 

.0047 

.80 

.0475 

.0008 

.0094 

2.6 

.0774 


July. 


t  October. 


X  April,  two  samples. 


NoTB  to  analyses  of  1808;  Odor,  in  Febmary,  unpleasant;  in  May  distinctly  vegetable  and  mouldy; 
at  other  times  none.  On  heating  the  odor  became  distinctly  unpleasant  in  the  March  sample,  faintly 
earthy  in  April,  and  faintly  vegetable  in  Jnne  and  August. 

Nos.  10,103,  10,496,  11,012,  11,808  and  11,468  were  collected  from  a  fkueet  on  Grove  Street;  the 
remaining  samples,  from  a  faucet  at  the  pumping  station. 


It  is  probable  that  the  water  of  these  wells,  as  it  comes  from  the 
grouad,  is  nearly  or  quite  clear  and  colorless,  but,  owing  to  the 
oxidation  of  the  iron  which  it  contains,  it  quickly  becomes  turbid 
and  colored.     The  particles  of  oxide  of  iron  which  give  the  turbidity 
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BBABFOBB. 

to  the  water  are  at  first  so  very  fine  that  they  communicate  to  the 
water  a  milky  appearance  which  cannot  be  removed  by  filtration, 
and  the  effect  of  it  is  to  make  the  water  appear  colored  as  if  from 
dissolved  coloring  matter.  When  the  oxidation  of  the  iron  is  com- 
plete, a  rusty  precipitate  usually  forms  and  the  supernatant  or 
filtered  water  is  again  clear  and  colorless.  Any  record  of  turbidity, 
sediment  or  color,  while  the  oxidation  of  the  iron  is  in  progress, 
relates,  therefore,  to  a  passing  phenomenon,  but  is  nevertheless  of 
interest  as  showing  a  condition  which  the  water  may  assume ;  these 
records  cannot,  however,  be  considered  as  indicating  the  compara- 
tive character  of  the  water  from  month  to  month,  because  they 
depend  so  largely  upon  the  extent  of  the  oxidation  of  the  iron  at 
the  time  they  were  made.  The  presence  of  iron  affects  the  deter- 
mination of  the  <<  oxygen  consumed,''  and  the  results  of  this 
determination  as  given  in  the  tables  are  in  consequence  all  a  little 
higher  than  they  would  otherwise  be.  A  progressive  deterioration 
of  this  water,  as  compared  with  previous  years,  will  be  noted.  The 
organic  matter,  as  shown  by  the  albuminoid  ammonia,  and  the 
product  of  its  decomposition,  as  shown  by  the  free  ammonia,  are 
decidedly  on  the  increase. 


Microscopical  Examination  of  Water  from  the  Wells  of  the   Bradford   Water 

Company, 

[Number  of  organiflinfl  per  coble  eentlmeter.] 


18»S. 

Jah. 

Feb. 

Mar. 

Apr. 

May. 

June. 

0 
10496 

July. 

8 
10613 

Aujf. 

.Hept. 

Oct. 

Nov. 

Dec. 

Day  of  examination, 
Namber  of  sample, . 

1 
20 

9880 

17 
10022 

10 
10103 

12 
10233 

10 
10371 

1 

10 

10753 

14 
11012 

10 
11158 

10 
11808 

7 
11468 

PLANTS. 
Funfiri*  Crenothriz, 

0 

0 

0 

0 

0 

pr. 

0 

0 

7 

1 

0 

0 

ANIMALS. 
Inftiaoria,   . 

Dinobryon  caaee, 
Peridinlom, 

0 

0. 
0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

4 

4 
pr. 

0 

0 
0 

1 

0 

1 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

JfisctUaneotf,  ZoogloBa, 

m 

1872 

1 

828 

912 

76 

68 

1000 

600 

320 

208 

68 

64 

Total, 

788 

1872 

828 

012 

78 

02 

1000 

601 

827 

209 

88 

64 
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BBAINTREE. 


Water  Supply  of  Braintree. 


Chemical  Examination  of  Water  from  the  Filter-gcUlery  of  the  Braintree  Water 

Works. 

[Parte  per  100,000.] 


Date  of 

Collection. 

ArPSABAVOB. 

Roaldue  on 
Evaporation. 

!     AXMOBIA. 

1 

1 

• 

1 

6 

NiTSOOSM 
AB 

1                * 

1 

• 

i 

c 

1 

• 

1 

a 

• 

1 

• 

1 

1 

• 

1 

< 

• 

m 

i 

1 

0048 

18QS 

Jan. 

• 
4 

;V.  alight. 

V.  Blight. 

0.00 

4.00 

.0006 

.0000 

1 

.85 

.0660 

.0000 

. 

1 
2.J   .0000 

-0076 

Feb. 

6 

JNone. 

None. 

0.02 

4.00 

.0004 

.0068 

.02 

.0600 

.0000 

.0012 

2.8 

.0020 

aoio2 

Mar. 

8 

None. 

None. 

0.08 

4.50 

.0006 

.0056 

1  .« 

.0400 

.0000 

.1002 

2.1 

.002S 

10232 

Apr. 

11 

None. 

None. 

0.05 

4.75 

.0000 

.0040 

.84 

.0600 

.0000 

.1814 

1.4 

.0030 

n0874 

May 

0 

None. 

None. 

0.03 

4.45 

.0000 

.0082 

1     •" 

.0600 

.0000, 

.1762 

1.8   .0015 

1 

•10406 

Jane 

7 

1  None. 

None. 

0.02 

4.25 

.0000 

.0052 

1     .86 

1 

.0800 

.0000 

.1314 

1.6 

.OOU 

10608 

July 

0 

None. 

V.  Blight. 

0.01 

4.75 

.0006 

.0030 

1     .81 

.0280 

.0000 

.0438 

1.4 

.0000 

10752 
11000 

Aug. 
Sept. 

0 
11 

Blight, 

milky. 
None. 

Blight. 
V.  Blight. 

0.05 
0.05 

4.60 
4.65 

.0004 
.0000 

.0044 
.0042 

.76 
.82 

.0120 
.0060 

.0008 
.0002 

.0607 
.0868 

1.8 
1.5 

.0000 
.DOTS 

11167 

Oct. 

9 

None. 

V.  alight. 

0.08 

'     5.10 

.0000 

.0026 

.83 

.0180 

.0001 

.0847 

1.8 

.0150 

11816 

Nov. 

0 

None. 

V.  Blight. 

0.00 

4.80 

.0000 

.0086 

.84 

.0460    .0000 

.1040 

1.6 

1 

.OOM 

11464 

Dec. 

6 

None. 

None. 

0.00 
0.03 

;    5.10 

i.oooo 

.0082 

.84 

.0480    .0000 

.0646 

2.5   .0025 

Av. 

4.72 

'  .0002 

.0040 

1 

.83 

.0868    .0001 

.1020 

1.8 

.0037 

Averages  of  Analyses  of  Previous  Years, 


1887-88* 
1802 


0.07 
0.02 


7.14 
4.60 


.0006 
.0002 


.0045 
.0030 


.86 
.75 


.0048 
.0102 


>0003 
.0001 


1.8 


•  June,  1887,  to  May,  1888. 

Non  to  analyaea  of  1808;  Odor,  of  No.  10102,  faintly  vegetable;  of  the  others,  none.   On  heA- 

ing  a  very  faintly  vegetable  odor  waa  developed  in  No.  10232. The  samples  were  collected  from 

a  faucet  at  the  pumping  sUtion. 


Microscopical  Examination 

No.  0848.    Dlatomacen,  Tabellaria,  62;  Noa.  10405  and  10608,  Cyanophyce»,  Anabcmat  6  in  the 
first,  and  one  in  the  last ;  Noa.  10405  to  11157  incluatve  each  contained  a  few  Crencthrix  or  Zoifff^io. 
Jn  the  remaining  aamplea  no  organlama  were  found. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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BRAINTBBE. 

ChemiC€U  Examination  of  Water  from  Little  Pond,  Braintree. 

[Parti  per  100.000.] 


■ 

I 

a 

a 


a 
o 
a 

8 


10809 
10T51 
10000 


At. 


18M. 

M*7   10 

Aug.    0] 
8«pt.  11 ' 


i 


V.tUght. 

SUght. 

Distioot. 


Slight. 
Blight. 
Slight. 


0.80 
0.16 
O.SO 


0.22 


RB0IDUB  OM 

Eyapoba- 
Tioir. 


• 

0 

S 

J 

n 

1 

r 

8.75 
4.10 
4.00 


4.15 


1.86 


Ammohia. 


Albamlnold. 

« 

• 

"8 

■ 

^ 

i 

1 

1 

a 

h 

^ 

ft 

« 

,0000 
.0000 
.0000 


.0000 


.0190  - 


.0178 
.0228 


.0100 


.0140 
.0212 


.0068 
.0010 


NxTBoasv 

AS 

« 

• 

8 
1 

1 

s 

.04 

^ 

9q 

.0080 

.0001 

.74 

.oooJ.oooo 

.76 

.n 

.0000 

.0010 

.0000 

.0000 

§ 

m 
g 

I 

M 

o 


^ 


.4468 
.8266 
.8666 


.8702 


0.9 
1.8 
0.9 

1.0 


IroD,  .0046.    Odor,  telntly  TegetAble.  b«eomf  Dg  itroDger  In  the  Uwt  two  umptos  oo  hcaUng. Th« 

aamplM  were  collected  from  the  pood  near  the  fllter-gallery  of  the  Brelntree  water  worka,  whieh  la  alto- 
ated  OD  the  shore  of  the  pond.  It  la  said  that  up  to  the  end  of  1808,  no  water  had  been  drawn  directly 
from  the  pond  for  the  supply  of  the  town. 

Microscopical  ExamincUion, 

The  total  number  of  organisms  per  cnble  centimeter  found  In  each  of  these  samples  was  as  follows : 
In  May,  98,  cbleAy  JHatamacea;  In  August,  166,  chiefly  Alga;  in  September,  62,  chiefly  Alga  and 
Ogamephycea* 


Water   Supply  op  Bbidoewateb   and   East   Bridoewateb.  — 

The  Bridoewaters  Water  Co. 

Id  1892,  the  works  of  this  company  for  collecting  groand  water 
were  again  enlarged  by  sinking  five  additional  six*inch  tabular  wells 
in  the  low  groand  between  the  present  works  and  the  river.  The 
new  wells  are  located  in  a  line  parallel  to  the  river,  and  are  said  to 
range  from  100  to  160  feet  in  depth.  Water  is  pumped  from  these 
wells  by  means  of  an  auxiliary  pump  into  one  of  the  large  wells  near 
the  pumping  station. 
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BBEDOSWATEB  AND  KA8T  BRII>GEWATER. 

Chemical  Examinalian  of  Water  from  the   Welti  of  the  Bridgewaters   Water 

Company. 

fParta  per  100,000.] 


DAte  of 

Collection. 

Aftbasamcb. 

4 

1 

Ammohxa. 

Chlorine. 

NiTBOOKK 
AS 

Oxygen 

Consumed. 

• 

I 

B 

H 

1 

• 

2 

c 

a 

1 

6 

• 

I 

mlnold. 

• 

5 

• 

i 

7i 

• 

10474 
10696 
10765 
10000 

I9»S. 

Jane    6 

July    6 
Aag.    7 ; 

Sept.    6 

1 

V.tUght. 

Blight, 

clayey. 
None. 

y.eUght. 

Cons. 

Com., 

•and. 
V.  slight. 

V.  slight. 

0.02 
0.02 
0.10 
0.02 

O.M 

1 

:   7.00 

'    4.36 

6.  SO 

0.76 

.0002 
.0000 
.0004 
.0000 

.0004 

.0074 
1 
.0014 

.0004 

.44 

.40 
.41 
.40 

.0050 
.0400 
.0400 
.0880 

.0000, 
.0001 
.0000 
.0000 

.0487 
.0803 
.0008 
.0000 

2.0 
0.6 
2.0 
2.5 

.0200 
.0000 
.0100 
.0185 

At. 

0.15 

.0002 

.0024 

.43 

.0308 

.0000 

I 

.0650 

1.9 

.0186 

' 

! 

1 

Averages  of  Analyses  of  Previous  Years, 


'I 


1888-89* 


- 

0.02 

4.20 

.0011 

1 

.0016  ; 

.47    t 

t 

.0307 

.0001 

1 

- 

*  Jane,  1888  to  June,  1889. 

NoTX  to  1898  analyses;  Odor,  none.    The  samples  were  collected  from  a  faucet  at  the  pumping 
station. 


Microscopical  Examination  of  Water  from  the  Wells  of  the  Bridgewaters  Water 

Company. 

[Number  of  organisms  per  cubic  centimeter.] 


189S. 

June. 

July. 

August. 

September. 

Day  of  examination. 

Number  of  sample 

6 
10474 

6 
10506 

10 
10755 

7 
10969 

PLANTS. 
DiatomaceOB,  Synedra, 

Funffi,  Crenothrix, 

pr. 
78 

18 
0 

0 
5 

0 
3 

ANIMALS. 
Infusoria,  Trachelomonas, 

pr. 

0 

0 

1 

Jfhcellaneoutt  ZoSglsa, 

n 

• 

18 

7 

Total, 

100 

21 

23 

1 

11 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  125 

BBIBGEWATEB  AND  EAST  BBIDGEWATEB. 

Chemical  Examination  of  Waierfrom  the  Tovm  River  at  Bridgewater,  opposite  the 

Wells  of  the  Bridgewaters  Water  Company, 

[ParU  p«r  100,000.] 


s 


§ 


1 


10478 
10606 
10754 
I0Q68 

At. 


IMS. 

Jane  6 

July  6 
Aug.  7 
Sept.  6 


AlTBABAMOB. 


Slight. 

Slight. 

DIttinot, 
yellow. 
SQght. 


BUght. 

Cent. 

Cont., 

rotty. 
Slight. 


a 


2.70 
1.70 
0.80 
2.00 


1.80 


RB8IDCS  0« 

EVAPOBA- 

TIOV. 

. 

^  1 

3 

1 

LootOT 
Ign 

6.70 

2.86 

6.06 

2.80 

4.40 

2.10 

0.76 

8.46 

6.48 

2.08 

AMKOmA. 


Albuminoid. 

i 

• 

t 

i 

^ 

1 

il 

b* 

^ 

Q 

00 

.0084 
.0020 
.0048 
.0012 


.0026 


.0202 
.0048 
.0286 
.0408 


.0821 


.0242 
.0812 
.0192 
.0864 


.0060 

.0088 

I 

.0044 
.0062 


.0276 


.0046 


Nmoaui 

1 

At 

i 
i 

• 

1 

.44 

K 

S 

.0000 

.0002 

.40 

.0060 

.0000 

.64 

.0060 

.0001 

.64 

.0060 

.0001 

.48 

.0060 

.0001 

8 


i 


1.4487 
1.1242 
0.8764 
1.8860 


1.1608 


0.8 
1.1 
1.1 

1.6 

1.2 


Iron,  .0276.  Odor,  dlttlnetly  ▼egetable,  peooming  atronger  on  heating,  and  lometimee  alto  monldy. 
The  aamplea  vere  eoUeeted  from  the  river  oppoeite  the  vorka  of  the  Bridgewatert  Water  Com- 
pany. 

Microscopical  Examination, 

The  total  number  of  organltma  per  onbic  oenUmeter  found  in  each  of  theee  aamplea  waa  at  foUowa : 
Tn  Jone,  183;  in  July,  144;  in  Augntt,  2,661;  in  September,  88.  The  nomben  contiated  almoet  wholly 
of  Orenothriz  and  Zodglcea, 


Water  Supply  of  Brockton. 

Chemical  Examination  of  Water  from  Salisbury  Brook  at  the  Point  where  it  enters 

the  Storage  Reservoir  of  the  Brockton  Water  Works, 

[Parte  per  100,000.] 


ArPBASAVCS. 

RatiDDB  oir 

BVAPOBA- 
TIOM. 

Amhovxa. 

• 

MmoaBV 

At 

1 

^ 

1 

1 

1 

« 

r 

1 

Albamlnoid. 

• 

^ 

i 

a 

a 

1 

1 

1 

1 

18»S. 

0857 

Jan.   9 

None. 

V.  alight. 

1.80 

7.06 

2.90 

.0004 

.0266 

.0286.0020 

.66 

.0060 

.0004 

ii.ssao 

2.1 

11206  Not.  7 

None. 

V.aUght. 

1.70 

0.66 

8.25 

.0006 

.0312 

.0200 

.0022 

.74 

.0000 

.0000 

i.ntoi.e 

Iron,  .0110.    Odor,  diatlnetly  ▼egetable. The  aamplea  were  oolleoted  from  the  brook  jnat  above 

the  reterroir. 

Microscopical  Examination, 

No.  9867.    mmtcmwoemtSpUkemiatV,  Iferldion,!,    Total,  2. 

No.  11206.    Diatomaeen,  OycloUlla,!;  Miaoellaneona  ZoSgiaa,  1.    Total,  2. 
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BBOCKTON. 

Chemical  Examinaiuyn  of  Water  from  Salisbury  Brook  Storage  Reservoir*  Brockton. 

[ParU  per  100,000.] 


I 

9 


a 
o 

1 

5 

s 

m 


0668 
9977 
10087 
10218 
10806 
10481 
10041 
10746 
109«6 
11188 
11297 
11449 


At. 


ISQS. 

Jan.   9 

Feb.  7 
Bfar.  7 
Apr.  6 
May  8 
June  0 
July  11 
Aug.  8 
Sept.  6 
Oct.  4 
Nov.  7 
Dec.  5 


APPSAKAirOB. 


I 


a 

a 

1 


o 


Blight. 

Slight. 

Slight. 

Slight. 

V.  slight. 

Slight. 

Distinct, 

green. 

Distinct. 

Distinct. 

Slight. 

Slight. 

Slight. 


Slight. 

Slight, 

green. 
V.  Blight. 

Cons. 

Slight. 

Cons. 

Slight, 

yellow. 
Cons. 

Slight. 

Cons., 

green. 
Slight. 

Cons. 


o.eo 

0.66 
0.90 
0.70 
0.00 
0.80 
0.00 
0.65 
0.60 
0.60 
0.70 
0.66 


0.67 


Kksiduk  om 
Evapora- 
tion. 


I 


4.20 
4.46 
4.00 
8.26 
2.96 
8.70 
8.40 
3.60 
8.40 
8.00 
3.26 
4.00 

8.69 


e 


1.70 
2.00 
2.00 
1.20 
1.66 
1.66 
1.95 
1.90 
1.70 
1.76 
1.80 
1.66 


1.70 


Ammokia. 


Albomlnoid. 


g 


7 


■o 

it 


.0008.0234 
.0008  .0284 


.0006 


.0184 


.0028  .0160 

I 
.0000  .0164 

I 
.0000  .0222 


.0004 


.0262 


.0000  .0216 

•  I 

.0016  .0260 


.0000 


.0812 


.0002.0286 

I 
.0006  .0270 


.0007  .0287 


.0184 
.0224 
.0152 
.0128 
.0136 
.0176 
.0228 
.0162 
.0222 
.0268 
.0228 
.0240 


.0196 


.0060 
.0060 
.0082 
.0022 
.0018 
.0046 
.0084 
.0064 
.0088 
.0044 
.0058 
.0036 


.0041 


a 

•c 
o 


.48 
.60 
.88 
.37 
.30 
.36 
.84 
.88 
.86 
.40 
.46 
.47 


NiTBOOBV  !l 
AS 


8 

1 


S 


a 

o 

e 
o 
o 
a 
& 

K 
M 
O 


c 
33 


.40 


.0000 
.0000 
.0000 
.0080 
.0080 
.0060 
.0090 
.0000 
.0030 
.0000 
.0000 
.0000 


.0000  .7000  1.4 


.0000 
.0000 


.7811   1.4 


.8064 


1.4 


.0019 


.0001   .5188  0.3 

.0000,'. 5040  0.6 

,1  I 

.0001|.n38.  0.5 

.0000. 8240,  0.5 

!         • 
.0000,1.5143  0.3 

'"     i 

.0001  i.6480  0.6 


.0000 

.0001 

I 
.0002 


.0001 


.6776  0.6 
.6240   0.8 


.6201 


0.6 


.0703   0.7 


Averages  of  Analyses 

of  Previous  Years 

f. 

- 

18871 

- 

- 

0.99 

4.94 

1 

2.25 ; 

.0033 

.0541 

- 

1 

1 

.33 

1 

.0009 

1 

- 

- 

- 

1888 

- 

- 

0.76| 

8.77 

1.61 

.0031 

.0369 

- 

- 

.31 

.0066 

.0001 

) 

- 

- 

- 

1880 

- 

- 

0.78 

r 

2.79 

1.01  , 

.0028 

.0306 

.0218  .0078| 

.30 

1 

.0048 

.0002,, 

1 ' 

- 

- 

- 

1890 

- 

- 

0.76 

4.07 

1.98 

.0016 

.0274 

.0219  .0055 

.32 

.0063 

.0001 

- 

0.9 

- 

1891 

- 

- 

0.62 

8.16 

1.45 

.0010 

.0213 

.0169 

.0O44| 

1 

.28 

.0061 

1 

.0001 

1 

.    :  0.6 

) 

- 

1802 

- 

0.66 

3.41 

1.37 

1 

.0004 

.0213  .0168' .0045   .86 

1 

.oa30 

.0000' 

0.7 

- 

1898 

1 

0.67' 

1 

3.59 

1.70 

.0007 

.0287 

.0196 

.0041, 

.40 

.0019  .0001 

1 

.6645   0.7 

! 

*  In  addition  to  the  analyses  of  water  from  this  reservoir  given  here,  the  results  of  examinations  of 
three  samples  of  water  collected  from  various  depths  under  the  ice  on  March  16, 1893,  may  be  found  in 
the  annual  report  of  this  Board  for  1892,  page  840.  The  additional  analyses  were  made  as  a  part  of  an 
investigation  to  learn  the  quantity  of  dissolved  oxygen  in  water  under  the  ice. 

t  June  to  December. 

KoTB  to  analyses  of  1898 ;  Iron,  .0167.  Odor  generally  distinctly  vegetable,  and  very  frequently  disa- 
greeable.  On  heating,  the  odor  usually  becomes  somewhat  stronger,  and  in  January  and  Febmary  was 
very  disagreeable.  ——The  samples  were  collected  from  the  reservoir  near  the  gate-house  at  a  depth  of 
one  foot  beneath  the  surface.  For  a  record  of  heights  of  water  in  this  reservoir  on  dates  when  samples 
of  water  were  collected  for  analysis  see  page  129. 

The  table  of  averages  shows  that  there  has  been  a  marked  decrease  in  the  amount  of  albuminoid 
ammonia  in  this  water  sluce  the  examinations  were  begun  in  1887,  indicating  a  corresponding  improve* 
ment  in  its  qualltv.  An  examination  of  the  monthly  analyses  daring  this  time,  shows  that  daring 
the  earlier  years  there  was  a  large  fluctuation  in  the  amount  of  albuminoid  ammonia  in  the  different 
seasons  of  tne  year,  the  greatest  quantities  being  found  in  the  summer  and  early  autumn,  when  abun- 
dant growths  of  microscopic  organisms  were  present  in  the  water.  The  decrease  in  the  amount  of 
albuminoid  ammonia,  as  shown  in  the  table  of  averages,  is  due  chiefly  to  the  decrease  in  the  growths 
of  these  organisms  in  summer. 
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BROCKTON.. 

Micro9oopieal  Examinalion  of  Water  from  Salisbury  Brook  Storage  Reservotry 

Brockton. 


[Komberof  orgnnlBoiB 

per  cable  centimeter.] 

1898. 

Jan. 

Feb.    Mar. 

Apr. 

May. 

June.  July. 

Aug. 

Sept. 

Oet 

Nov. 

Dee. 

Dtjr  of  ezaminatioii, 
Noaber  of  aampto,   . 


11 


9 


0668  907T 


8 


10067  110213 


10 
10865 


7 
10481 


18 


0 


10641  110746 


10966 


11138 


9 
11297 


PLANTS. 

DlatomaceflB, 

Asterionella, 
Cyelolelia,  . 
IMatoma, 
FragiUria,  . 
Meloeira,  . 
NaTlcnla,  . 
Syvedra, 
Tabeliaria,  . 


CTsnopbyceaB, 
Clathrocyetla, 


IIK  2591 


2 

0 
4 
0 
0 
0 


5 

164 
0 
0 

•  0 
0 


1172  '2422 
4         0 


Aie», 


Pedlafltrnm, 

RapUdtQin, 

8e«Mdeemiu, 

StavrMtmm, 

ZoSeporea, 


0 
0 
0 
0 
1 


8 

0 
0 
0 
3 

0 


146 

0 
0 
0 
0 
0 
0 
146 
0 


pr. 

0 
0 

0 


808 

448 

88 

116 

540 

pr. 

23 

34 

66 

21 

1 

0 

0 

2 

36 

0 

pr. 

1 

6 

176 

0 

0 

0 

6 

0 

42 

90 

33 

16 

64 

0 

16 

0 

0 

0 

260 

280 

3 

6 

7 

16 

40 

27 

27 

236 

0 

0 

5 

0 

0 

0 

8 

46 

5 

85 

0 

0 

pr. 

1 

2 

0 

0 

0 

2 

0 

0 

6 

24 

0 

3 

0 

1 

18 

0 

80 

0 

1 

3 

2 

0 

2670 

640 

28 

76 

0 

244 

1 

1 

1680 


17 

3 
6 

4 
4 
0 


7 
11449> 


8800 

811 

0 

4 

0 

2 

9 

1 

0 

0 

36 

78 

0 

0 

0 

26 

8266 

200 

0 

0 

16 

84 

1 

2 

0 

6 

16 

26 

0 

1 

0 

pr. 

108- 

16 
0 
0 
0 

a 

0 

0- 

88 


0 
0 
2 
0- 


ANIMAI^. 
SUlopoda,  Difdngia,. 

I&ftisoria,    . 

Cryptomooae,     . 
Dhiobryoo 


Perldlniom. 
Traehelomoiiaa, 

Vermes, 


•      • 


Aoui 
Folyaithra, 
Botatorian  era,  . 


8 

0 

0 

0 

0 

pr. 

0 

0 

0 

0 

8 

4 

4 

2 

10 

5 

46 

8 

6 

8 

0 

3 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

20 

0 

1 

0 

3 

pr. 

2 

2 

5 

4 

28 

6 

2 

3 

0 

1 

1 

pr. 

pr. 

1 

1 

2 

3 

0 

8 

4 

pr. 

pr. 

pr. 

1 

1 

1 

0 

1 

2 

1 

0 

pr. 

pr. 

1 

1 

1 

0 

1 

1 

3 

0 

0 

0 

0 

0 

0 

0 

0 

0 

pr. 

pr. 

0 

pr. 

0 

0 

0 

0 

0 

MuceUmuoutt  . 

10 

0 

0 

882 

42 

22 

86 

Aearina, 
ZoSflaBa,      . 

0 
10 

0 
0 

0 
0 

0 
932 

0 
42 

0 
22 

0 
30 

Total, 

1199   2602 

160 

1242 

609 

176 

207 

- . . — 

--  —  -- 

—  - 

-  -  - 

— 

0 
0 
0 

2  > 
0 


1 

0 
0 


0 
0 
0 
6 

a 


0* 
0^ 


Aeration. 

ProYiaion  was  made  in  the  year  1891  for  aerating  the  water 
supplied  to  the  city  of  Brockton  by  forcing  air  into  it  through  a 
system  of  perforated  pipes  laid  near  the  bottom  of  the  iron  tank,  as 
described  in  the  Annual  Report  of  this  Board  for  1892,  page  110. 
The  tank  is  62  feet  in  diameter  and  59  feet  4  inches  in  height,  and  is 
open  at  the  top.  In  the  following  table  is  given  a  comparison  of 
snalyses  of  samples  of  water  collected  as  it  comes  from  the  reservoir 
uid  after  aeration  in  the  tan  k. 


128 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 
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Comparison  of  Examinations  of  Water  from  the  Brockton  Waier  Works  before 

and  after  Aeration  in  the  Open  Tank, 

NoTB.  —  Figares  in  bold-fkoe  type  show  results  of  examinations  before  aeration.    Fignres  in 

Boman  type  show  resalts  of  examinations  after  aeration. 

[Parti  per  100,000.] 


• 

Appkaiahcb. 

Odor. 

i 
i 

• 

a 

i 

1 

Cold. 

not. 

10087 
10088 

10966 
10967 

11186 
11139 

11449 
11450 

18QS. 

Mar.  7 
Sfar.     7 
Sept.  5 
Sept,     5 
Oct.    4 
Oct.       4 
Dec.  5 
Deo.      6 

Sli't. 

SUght. 

DiBt*t. 

Dlst*t. 

Bli't. 

Slight. 

Slit. 

Dist't. 

V.  sit. 

V.  slight. 

Sliffht. 

Cons., 

brown. 
Cons., 
firreen. 
Oons., 

green. 
Oons. 

Heavy, 

msty. 

0.90 
0.90 

0.60 
0.68 

0.60 
0.55 

0.65 
0.70 

0.69 
0.71 

Distinctly  vegetable 
and  unpleasant. 

Distinctly*  vegetable  and 
unpleasant. 

Distinctly  vegetable. 

Distinctly  vegetable. 
Faintly  vegetable. 
Distinctly  vegetable. 
V.  faintly  vegetable. 

Distinctly    vegetable    and 

unpleasant. 

Distinctly  vearetable, 
sweetisn,  unpleasant. 

Distinctly*  vegetable.sweeiish, 
unpleasant. 

Distinctly  vegetable. 

Distinctly  vegetable. 

Distinctly      vegretable 

and  mouldy. 
Dlst'ly  vegeUble  and  mouldy. 

Very  faintly  vefiretable. 
Very  faintly  vegetable. 

Av 

Av. 

*  Somewhat  less  strong  than  in  10067. 


Comparison  of  Examinations  of  Water  from  the  Brockton  Water  Works  before 

and  after  Aeration  in  the  Open  Tank  —  Concluded. 


• 

i 

2 

Rbsidue  on 

EVAPOHA- 
TIOM. 

Ammonia. 

• 

1 

.88 

.47 

.86 
.38 

.40 
.30 

.47 
.42 

AA 

KiTBOOBN 

AS 

• 

1 

s 
e 

1 

s 

• 

a 

M 

ir  coble 
meter. 

1 

Be 

1 

Albuminoid. 

• 

• 

s 

^^ 

i 
§ 

1 
1 

2 

• 

1 

a 

00 

1^ 

1 

o 

10087 
10088 

10986 
10967 

11186 
11130 

11449 
11450 

ISBS. 

Mar.  7 
Mar.      7 
Sept.  6 
Sept.     5 
Oct.    4 
Oct.       4 
Dec.  6 
Dec.      5 

4.00 
4.65 

8.40 
3.20 

8.00 
3.10 

4.00 
3.95 

2.00 
1.95 

1.70 
1.55 

1.75 
1.50 

1.65 
1.80 

.0006 
.0020 

.0016 
.0024 

.0000 
.0018 

.0006 
.0012 

.0184 
.0196 

.0260 
.0262 

.0312 
.0292 

.0276 
.0320 

.0152 
.0148 

.0222 

.0236 

.0268 
.0204 

.0240 
.0228 

.0082 
.0048 

.0088 
.0026 

.0044 
.0088 

.0086: 
.0092' 

.0000 
.0080 

.0080 
.0050 

.0000 
.0000 

.0000 

1  .0000 

1 

.0000 
.0000 

.0001 
.0000 

.0000 
.0000 

.0002 
.0001 

.8064 

.7884 

.6480 
.6360 

.5775 
.5159 

.6201 
.5945 

1.4 
1. 

0.6 
0.6 

0.5 
0.5 

0.5 
0.5 

fl  11 

.0150 
.0350 

.0200 
.0165 

.0100 
.0140 

.0290 

1 
.0315 

ISO 
483 

2|780 
878 

8,4M 

3,125 

118 

537 

Av. 

8.60 
3,78 

1.78  ; 

1.70  ! 

.0007 
nniQ 

.0258 
.0268 

i 
nooi     nnftfl' 

.0008 
.0020 

.0001     .6680 
.0000  1    A9«? 

Aiae      «  aAtt 

Av. 

.WftC  1 

.0204 

iwwwv    1     .-rw 

1 

.0064  '•  .42 

U.O       .VIIKI        l|OKa 

1 

n   Q         iV)4«        1  OKI 

•  j 

1. 

V.  W 

.  V^rW 

A«M#a 
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Tcible  showing  Height  of  Water  in  Salisbury  Brook  Storage  Beservoir,  Brockton^ 
on  Dates  when  Samples  of  Water  were  collected  for  Analysis, 

Note.— Higb-wster  mark  is  14.26  feet. 


Jan.  ». 
Feb.  7, 
ICar.  7, 
AprU  5, 
Maj  8, 
Jane  6, 


DATS. -ISM. 


Helffhtof 
water. 


Feet. 
14.17 


14.27 
14.42 
14.60 
14.46 
14.20 


DATS.  ~  ISM. 


July  11, 
Aug.  8, 
Sept.  5, 
Oct.  4, 
Nov.  7, 
Dec.   6, 


Height  of 
Water. 


Feet. 
18.64 


12.67 
12.28 
11.86 
11.76 
11.75 


Chemical  Examination  of  Water  from  an  Underdrain  beneath  the  Main  Sewer  at 

Brockton, 

[Parte  per  100,000.] 


■ 

c 

1 

1  ' 

APrBAlAVOB. 

KBSIDUB  OH 

EVArOIA- 

TIOV. 

AMMOnA. 

1 

6 

1.78 

NiTBOOBH 
AS 

1 

• 

! 
I 

1 

1 

• 

r 

1 

Albuminoid. 

s 

1 

1 

1 

S 

• 

i 

11500 

IMS. 

Dec.  28' 

Decided, 
floe. 

CODi., 

yellow. 

0.02 

18.80 

- 

.0160 

.0060 

- 

- 

.6600 

.0020 

.0885 

4.2 

Iron,  .0420.    Odor,  feintly  Tegetable. The  sample  was  collected  from  the  underdrain  at  a  man- 

hole  near  the  Ballsbory  Plain  RWer  south  of  Perkins  ATcnne. 

The  sewerage  system  of  the  Olty  of  Brockton  had  not  been  completed  at  the  time  this  sample  was 
collected  and  no  sewage  had  been  admitted  to  the  sewers.  The  sample  therefore  indicates  the  aTCXBge 
ehmracter  of  the  gronnd  water  of  the  region  through  which  the  sewer  passes. 


Microscopical  Examination, 

Fungi,  Orenothrix,  1020.    Miscellaneous,  Zodglaa,  320.    Total,  2240. 
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Water  Supply  of  Brookfield. 


Chemical  ExamincUion  of  Water  from  the  Brookfield  Water  Works, 

[Parta  per  100,000.] 


Date  of 

Collection. 

Affsabanos. 

Resldae  on 
Evaporation. 

AUUOKIJL. 

Chlorine. 

NiTROOSN 

Aa         1 

Oxygen 

Coniumed. 

• 

• 

s 
€ 

aa 

1 

a 

6 

1 

a 

a 

1 

1 

i 

Alba- 
mlnold. 

• 

! 

• 

8 

■ 

i 

»4 

10640 

I8QS. 

July  11 

Decided, 
milky. 

Cona., 
maty. 

0.5 

6.60 

.0006 

.0280 

.14 

1 

.0070 

1 

.0000 

.2555     1.5 

.1700 

Odor,  none;  becoming  faintly  vegetable  on  heating.  The  aample  waa  collected  from  a  hydrant. 
The  aource  of  supply  ia  a  atorage  reaervoir  located  upon  a  amall  brook.  Thia  la  not  a  repreaentatlTO 
aample  of  the  water  aa  it  entera  the  plpea  from  the  reaervoir. 

Microscopical  Uxaminalion, 

DiatomaeesB,  Gyclotellat  2.  Cyanophycese,  MeritmopedUit  3.  Alg»,  Cloateriwnt  1;  Protococeut^  4; 
Stanraatrumt  1.    Fungi,  Crtnothrixt  84.    Vormea,  BotfftTt  1.    Miacellanooua,  Zodglaot  412.    Total,  606. 


Water  Supply  of  Brookline. 

An  important  addition  was  made  to  the  Brookline  Water  Works 
in  1893  by  the  completion  of  a  covered  distributing  reservoir,  which 
resembles  in  its  general  design  the  covered  reservoir  constructed  by 
the  city  of  Newton  in  1890  and  described  in  the  twenty-third  annual 
report  of  this  Board  for  1891,  page  185.  The  new  reservoir  is  a  rect- 
angular chamber  ninety-three  feet  four  inches  long,  ninety-one  feet 
four  inches  wide  and  nineteen  and  one-half  feet  deep.  The  walls  are 
of  rubble  masonry,  coated  on  the  inside  with  a  layer  of  Portland 
cement  mortar,  one-half  an  inch  in  thickness.  The  covering  con- 
sists of  four-inch  brick  arches,  supported  on  lines  of  brick  piers 
connected  by  brick  lintel  arches,  the  outer  edges  bearing  on  the 
surrounding  walls.  The  piers  are  twenty-four  inches  square  and 
twelve  and  one-half  feet  apart  on  centers.  The  bottom  of  the 
reservoir  is  formed  of  a  layer  of  clay  puddle  two  inches  in  thick- 
ness, over  which  is  a  layer  of  cement  concrete  four  inches  in  thick- 
ness. The  arches  are  covered  with  Portland  cement  concrete  to  a 
level  four  inches  above  their  crown,  and  over  all  is  a  layer  of  loam 
eighteen  inches  in  thickness.  Tile  drains  four  inches  in  diameter 
are  laid  beneath  the  loam  in  grooves  in  the  concrete  to  carry  off  the 
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surplas  raiD-water.  At  the  top  of  each  line  of  arches-  is  located  a 
ventilator  to  allow  a  free  circulation  of  air. 

Water  enters  the  reservoir  near  the  bottom  through  a  cast-iron 
main  twenty  inches  in  diameter,  and  is  drawn  out  through  the  same 
pipe.  Provision  was  made  for  drawing  all  the  water  out  of  the 
reservoir  if  necessary  by  giving  the  bottom  a  slight  slope  toward  a 
gutter,  the  bottom  of  which  also  has  a  slight  slope  and  conveys  the 
water  to  a  ten-inch  pipe  passing  through  the  wall.  The  reservoir  is 
provided  with  an  overflow  16.2  feet  above  its  bottom,  and  surplus 
water  flows  off  in  this  way  into  the  open  distributing  reservoir 
near  by.  The  open  reservoir  is  still  retained  for  use  in  cases  of 
emergency. 

Water  is  now  delivered  to  consumers  without  exposure  to  light 
at  any  point,  and  it  is  said  that  since  the  new  reservoir  was  put  in 
operation  the  consumers  have  been  very  well  satisfied  with  the  char- 
acter of  the  water,  and  all  complaints  of  bad  tastes  and  odors  have 
ceased. 


Chemical  Examinaiion  of  Water  from  a  Faucet  at  the  Low  Service  Pumping 
Station  and  from  the  Covered  Reservoir  of  the  Brookline  Water  Works, 

[Parte  per  100,000.] 


Date  of 

Collection. 

APPKAJKAMOB. 

• 

ft 

su 

1 

AmcoNiA. 

1 

Chlorine. 

NlTKOOSH     \ 
AS              ' 

• 

1 

g 

a 

|6 
5 

4 

• 

m 

Si 

€          1 

a                 £ 

• 

1 

1 

Alba- 
mlnold. 

1 

1    1 

1 

1 

S    1 

• 

11645 
11546 

■  ■  1 

18M. 

Deo.  20 

Dec.  Ml 

None. 
None. 

None. 
None. 

0.0 
0.0 

9.15 
10.10 

1 

1.0026 
.0000 

1 
1 

.0026 

.0026 

1 

1 

.54 

.0420 
.0800 

.0000 

.0001 

1 

.1S44 
.1176 

4.2 
4.2 

.0000 
.0375 

Odor,  none. The  first  nmple  was  collected  from  a  faaoel  at  the  low  eerTice  pumping  station  and 

represents  the  water  as  drawn  from  the  filter-gallery  or  tabular  wells.    The  last  sample  was  ooUected 
directly  from  the  new  covered  reservoir. 


Microscopical  Examinaiion. 

No.  11545.    No  organisms. 

No.  11546.    Fungi,  Orenothrix,  18. 
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Water  Supply  op  Cambridge. 


ChemiccU  ExaminaUon  of  Waierfrom  Fresh  Pond,  Cambridge, 

[ParU  per  100,000.] 


■ 

§ 

Afpbasahox. 

Rbbiddb  on 
Eyapoba- 

TIOM. 

AimosLL. 

• 

s 

.66 
.66 
.68 
1.63 
.61 
.67 
.61 
.60 
.62 
.47 
.66 
.68 

.68 

t 
Nitboobk 

AS 

Oxygen  Oontnmcd. 

^ 

• 

1 

• 

• 

Albaminoid. 

1 
• 

1 

• 

• 

S 

i 

s 

D 
7i 

mi 

I 

1 

i 
a 

• 

• 
• 

2 

1 

9846 
9967 
10079 
10208 
10349 
10480 
10686 
10789 
10963 
11182 
11294 
11466 

1S98. 

Jan.   4 

Feb.  6 
Mar.  6 
Apr.  4 
Biay  8 
June  6 
July  6 
Aug.  7 ' 
Sept.  6 
Oct.   8 
Nov.  6 

1 

Dec.  6 

SUght. 

V.elight. 

V.  alight. 

Slight, 

clayey. 
Slight. 

Distinct, 

milky. 

DieUnot. 

Slight, 

green. 
Dietinct. 

V.elight. 

V.elight. 

Slight. 

Cons. 

V.elight. 

Slight. 

Slight. 

Cone., 

green. 
Slight. 

Oone., 

green. 
Slight, 

green. 
Slight, 

white. 
Cone., 

green. 
Slight. 

Oona., 

green. 

0.80 
0.86 
0.40 
0.80 
0.80 
0.86 
0.80 
0.25 
0.20 
0.10 
0.20 
0.20 

0.27 

7.60 
7.86 
7.10 
6.46 
6.86 
6.40 
6.26 
6.90 
6.06 
6.16 
6.76 
7.06 

1.66 

2.00 

1.70 

1.40 

2.26 

1.46 

2.00 

2.00 

2.00  \ 

2.16 

1.46 

1.86 

.0248 
.0206 
.0160 
.0128 
.0062 
.0068 
.0014 
.0000 
.0010 
.0014 
.0206 
.0174 

.0106 

.0216 
.0214 
.0180 
.0182 
.0340 
.0206 
.0190 
.0166 
.0208 
.0176 
.0168 
.0188 

.0202 

.0194 
.0176 
.0164 
.0166 
.0262 
.0182 
.0164 
.0100 
.0174 
.0188 
.0186 
.0142 

.0166 

.0022 
.0088 
.0032 
.0026 
.0078 
.0024 
.0026 
.0066 
.0034 
.0088 
.0022 
.0046 

.0087 

.0100 
.0400 
.0860 
.0400 
.0860 
.0400 
.0300 
.0160 
.0400 
.0150 
.0220 
.0200 

.0286 

.0004 
.0006 
.0001 
.0008 
.0009 
.0003 
.0003 
.0006 
.0006 
.0006 
.0013 
.0012 

.0006 

.8942 
.4197 
.4248 
.4458 
.4463 
.4609 
,.4682 
.2738 
.4120 
.8466 
.4482 

.3287 

1 

.4048 

4.6 
3.6 
8.6 
2.7 
2.8 
2.6 
8.1 
3.0 
2.6 
3.0 
3.2 
3.2 

At. 

6,66 

1.82 

3.2 

Averages  of  Analyses  of  Previotis  Years. 


1887» 

- 

- 

0.04 

17.32 

1888 

- 

- 

0.17 

11.11 

1889 

- 

- 

0.11, 

1 

9.86 

1890 

- 

- 

0.11' 

8.87 

1891 

- 

- 

0.16 

7.94 

1892 

- 

- 

0.16 

7.23 

1893 

- 

- 

0.27| 

6.66 

1.94  I  '0106 


1.79 
1.83 
1.41 
1.80 
1.67 
1.82 


.0132 
.0146 
.0098 
.0095 
.0086 
.0106 


.0180 
.0206 
.0220 
.0221 
.0236 
.0210 
.0202 


.0170 
.0168 
.0162 
.0161 
.0166 


.0060 
.0063 
.0073 
.0049 
.0087 


2.11! 
1.10 
0.90 
0.83 
0.76 
0.67 
0.68 


.0206 
.0261 
.0834 
.0308 
.0333 
.0249 
.0286 


.0007 
.0008 
.0004 
.0004 
.0003 
.0006 


4.1 

3.8 
-       3.4 
.4043   8.2 


*  June  to  December. 

Note  to  analyeee  of  1893 ;  Iron,  .0110.    Odor,  generally  yegetable,  often  none.    On  heating,  the  odor 

wae  generally  somewhat  stronger,  and  none  of  the  samples  were  odorleaa. The  samples  were 

collected  from  the  pump  well  at  the  pumping  station.  For  a  record  of  heights  of  water  In  this  pond  at 
times  when  samples  of  water  were  collected  for  analysis  see  page  136. 

It  will  be  noticed  from  an  examination  of  the  averages  of  analyses  of  previous  years,  that  there  has 
been  a  decrease  from  year  to  year  in  the  amounts  of  solids  and  chlorine  in  the  water  of  this  pond  since 
the  examinations  were  begun,  accompanied  by  a  general  though  not  regular  increase  in  color.  Theee 
changes  are  due  to  the  introduction  of  water  from  Stony  Brook  into  Fresh  Pond,  which  began  early  In 
November,  1887,  at  a  time  when  the  water  in  Fresh  Pond  was  very  low.  The  quantity  of  wster  turned 
into  the  pond  from  the  brook  increases  from  year  to  year  with  the  rapidly  Increasing  conpumption  of 
water  in  Cambridge,  and  the  character  of  the  water  in  the  pond  Is  consequently  approaching  that  of  the 
water  in  the  brook. 
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CAMBRn>GE. 

MicroBoopical  Examination  of  Water  from  Fresh  Pond,  Cambridge, 

[Namber  of  organiimi  per  cnble  oeotlmeter.] 


18QS. 

Jan.  '  Feb.     Mar.     Apr.  ,  Hay.   June.    July. 

; 

Aug.    Sept. 

Oct     Nov.  ,Dcc. 

1 

Day  of  ezmmlBation, 
Namber  of  Mmple, 

6 
9840 

7 
9907 

•  7 
10079 

6 
10208 

8 
10840 

7 
10480 

6 
10685 

8 
10739 

0 
10908 

8 
11182 

9 
11294 

T 

114M 

PLANTS. 
DiatomacesD, 

AaterloUmpre, 
AatarioDelia, 
Cyelotella* . 
Dlatoma,    . 
Fragilaria,. 
Meloaira,    . 
StepbaDodlacM, 
Synedra,     . 
Tabellaria. 


CyanopbycesD, 

Anabnoa,  . 

Clathroeystla, 

Mlcrocyatis, 


AlfiTCDf     • 

Cblorooooeoi, 

Closterium, 

Eudorlna,  . 

ProlococcQs, 

SceDedeamas, 

Staaraatrom, 

Tetraapora, 

ZooaporeB, 


Pungrl>  Crenothrix, 


2,116 

0 
896 
296 

3 
106 
686 
432 

8 
844 


0 
1 
0 


0 

44 

204 

9 

0 

10 

1 

0 

86 


0 
0 
0 


411 

822 
12 

pr. 
1 
0 
2 
1 
11 


0 
0 
0 


1 

0 

64 

8 

0 

0 

0 

0 

4 

3 

0 

0 

0 

0 

0 

0 

0 

1 

0 
0 

0 
0 


pr. 


m 

1,388 

086 

0 

18 

108 

02 

0 

0 

0 

0 

61 

16 

640 

5 

890 

3 

26 

4 

118 

0 

0 

0 

0 

0 

0 

0 

0 

81 

2 

1 

2 

0 
0 
0 
0 
0 
28 


664 

0 
19 
44 

0 

7 

12 

680 


pr. 


pr. 


612 

0 
66 
88 

0 
8 
0 
0 
0 
400 


20 

16 
6 
0 


10  I  170 


0  I 

0 

0 

0 

2 

0 

0 

0 


0 
0 
0 
6 
1 
1 
0 
2 


0 
0 
0 
168 
1 
1 
0 
0 


981 

0 

22 

104 

2 

10 

81 

1 

46 

716 


172 

12 

8 

162  < 


0 

8 

0 

184 

4 
4 
8 
1 


1t6 

0 
12 
110 
0 
0 
0 
0 
1 
8 


10 

10 
pr. 


1,070 

0 
1012 
8 
0 
0 
0 
0 
0 
66 


668  8,064 


0 

6 

44 

0 

4 

370 

•"o 

270 


0 

162 

104 

0 

40 

2160 

88 

0 

620 


0 

0 
0 
0 
0 

1 

0 
0 


0 
0 
0 


0 
0 
0 
0 
0 

1 

0 
0 


80 


0 

0 

0 


25 

0 

1  ! 
16 
6 
pr. 


80 


I 


0 
0 

0 


4 
1 
0 
0 
0 
2 
0 
0 


ANIMALS. 
Bliizopoda, 

Actlnopbrys,     . 
Difflugia,    . 

Infaaoria,  . 

Ciliated  iofuaoriao,  . 
Dioobryon  caaea, 
Monas, 
Peridinlum, 
Bacteria,    . 
Tracbelomonaa, 

Vermes, 

Anareat      .        .        ■ 
Polyartbra, 


8 

3 

0 


0 
0 
0 
0 
38 
1 


0 
0 


0 
0 


1 

0  ! 

0 
0 
0 
0 

1 


0 
0 


0 
0 
0 
0 
0 
0 


0 
0 


0 
0 


0 
0 


0 
0 
0 
pr. 
0 
2 


1 

1 
0 

0 

0 

0 

pr. 

0 

pr. 

8 

0 

1 

0 

0 

pr. 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 


0 
0 


0 
0 

1 

0 
0 

4 


0 

0 
0 
2 
0 
0 


pr. 


pr. 

0 
0 
0 

0 


0  I 
0 


0 

1 


0 
0 


2 
0 


0 
0 
0 
3 
0 
1 


0 
0 


pr. 


42 

0 
20 

0 
pr.  1 

0 
22  ' 


I 


pr. 

pr. 
pr. 


28 

28 
0 


0 
0 
0 
0 
0 
4 


0 
0 


MUcellantoutt 

Acarlna,     . 
Zo5gl<Ba,    , 


0 
44 


18 

0 
13 


0 
80 


80 

0 

0 

.06 

80 

0 

.04; 

2  I 


92 

.02 
92 


52 

0 
62 


10 

0 
10 


64 

0 
84 


24 

ol 

24  . 


0 
2 


Total, 


2,273 


887 


492 


869     1,840  1    679 


900 


1,862  ■    148 


1,191 


864    3,106 
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CAMBRIDGE. 

Chemical  Examination  of  Water  from  Stony  Brook  Storage  Reservoir,  WdUham, 

[ParU  per  100,000.] 


• 

e 

1 

6 

o 
Si 

s 

Appkabahcs. 

BaaiDUS  ox 
Evapora- 
tion. 

Ammovia. 

• 

c 
.40 

NlTBOOBX 

AS 

• 

1 

a 

1 

1 

• 

^ 

a 

• 

1 

• 

1^ 

1 

Albuminoid. 

• 

1 

9a 

1 

i 

i 

a 

• 

■ 

1 

1 

00 

• 
C 

1 

s 

»85ft 

ISQS. 

Jan.  9 

V.aligbt. 

Slight. 

0.66 

0.60 

2.60 

.0040 

.0228 

.0190 

.0062 

.0860 

.0001 

.6660 

2.5 

0078 

Feb.  7 

V.ilight. 

SUght. 

0.66 

0.10 

1.95 

.0080 

.0180 

.0100 

.0020 

.48 

.0000 

.0002 

.6087 

2.6 

10077 

Mar.  6 

V.illght. 

V.allght. 

0.80 

0.00 

2.26 

.0030 

.0284 

.0268 

.0020 

.89 

.0600 

.0000 

.7060 

2.2 

10200 

Ayr.  4 

BUght. 

SUght. 

0.06 

4.40 

1.70 

.0008 

.0214 

.0180 

.0028 

.32 

.0860 

.0000 

.6049 

1.1 

10860 

ICay  4 

V.allght. 

Blight. 

1.00 

4.70 

1.90 

.0012 

.0240 

.0210 

.0024 

.36 

.0100 

.0008 

.7602 

1.5 

10472 

June  6 

Blight. 

Slight. 

1.20 

4.90 

1.96 

.0014 

.0230 

.0204 

.0082 

.87 

.0070 

.0001 

.8250 

1.7 

10600 

July  5 

Distinct. 

Slight. 

0.76 

6.60 

2.46 

.0002 

.0244 

.0224 

.0020 

.41 

.0260 

.0002 

.6424  1.9 

10740 
10986 
11183 

Aug.  7 
Sept.  6 
Oct.  3 

Diatlnct, 

green. 

Decided. 

DIaUnot. 

Blight, 

green. 
Blight. 

brown. 
Gone. 

0.46 
0.06 
0.12 

4.80 
4.00 
4.80 

1.00 
1.80 
1.96 

.0010 
.0004 
.0002 

.0180 
.0280 
.0184 

.0162 
.0204 
.0140 

.0084 
.0070 
.0044 

.40 
.42 

.67 

.0000 
.0060 
.0000 

.0000 
.0000 
.0000 

.3689  2.3 
.5860  2.1 
.4190  2.3 

11200 
11448 

Nov.  6 
Dec.  6 

Diatinct. 
Diatlnct. 

Gone., 

green. 
Slight. 

0.06 
0.66 

0.00 

6.06 
0.10 

1.66 
2.0U 

.0010 
.0004 

.0020 

.0204 
.0270 

.0236 

.0202 
.0200 

.0190 

.0002 
.0004 

.0089 

.66 
.64 

.44 

.0090 
.0130 

.0206 

.0003 
.0008. 

.0001 

.6640 
.6604 

.6060 

2.2 
2.2 

Av. 

6.82 

1.97 

2.1 

I 

Averages  of  Analyses  of  Previous  Years. 


- 

1887* 

- 

- 

0.81 

0.21 

1.82 

.0049 

.0347 

- 

- 

.43 

.0086 

- 

- 

- 

1888 

- 

- 

0.78 

6.16 

1.98 

.0031 

.0286 

- 

- 

1.34 

.0160 

.0002 

- 

- 

1889 

- 

- 

0.87 

4.69 

1.47- 

.0032 

.0280 

.0249 

.0081 

.88 

.0162 

.0003 

- 

- 

1890 

- 

- 

0.01 

6.80 

2.02 

.0010 

.0222 

.0182 

.0040 

.37 

.0208 

.0002 

- 

2.3 

- 

1891 

- 

- 

0.66 

4.99 

1.80 

.0010 

.0213 

.0183 

.0030 

.34 

.0103 

.0001 

- 

1.9 

- 

1892 

- 

- 

0.72 

6.43 

1.70 

.0016 

.UMl 

.0202 

.0080 

.37 

.0208 

.0001 

-   2.2 

*  Jane  to  November. 


NoTB  to  analyses  of  1893;  Iron,  .0149.    Odor,  generally  distinctly  vegetable,  rarely  unpleasant.    On 

heating  the  odor  often  becomes  stronger,  and  sometimes  disagreeable. The  samplaa  were  collected 

from  the  reservoir  near  the  surface  at  the  dam.    For  heights  of  water  in  this  reservoir  at  times  when 
samples  of  water  were  collected  for  analyals  see  page  186. 
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CAMBBTDGE. 

Microscopical  Examination  of  Water  from  Stony  Brook  Storage  Reservoir^ 

WaUham, 

[Number  of  orgaDlnni  per  ooUe  oenilmetor.] 


IMS. 

Jan. 

Feb. 

1 

Mar. 

Apr. 

May. 

Jnne. 

Jaly. 

Aug. 

Sept 

Oct 

Not. 

Dee. 

Daj  of  ezAmioatioD, 

11 

0 

7 

6 

♦    6 

6 

7 

8 

6 

4 

8 

7 

Number  of  ■ample,   . 

0866 

0078 

10077 

10900 

10866 

10472 

10600 

10740 

10066 

11188 

11200 

11448 

PLANTS. 

DlatomaceeB,     . 

IS 

14 

0 

ft 

102 

90 

2,947 

601 

2,009 

299 

1,S02 

1,171 

Aeteiionella, 
OTclotella, 
Diatoms, 
FraglUrU,  . 
Melorirm,     . 
MerldioDi     . 
Navleala,     . 
Srnedra, 
l^bellarU,  . 

»       •       • 

11 

17 

1 

8 

12 
0 
1 
6 

42 

0 
0 
0 
0 
0 
0 
0 
14 
pr. 

8 

0 

0 
0 
0 
0 
0 
0 

0 

0 

0 

20 

4 

0 

5 
0 

1 

1 

82 

11 

4 
6 
0 
0 
0 
0 

1 

4 
84 

700 
7 
0 
0 
0 
0 
0 
740 
000 

18 

420 

0 

0 

0 

0 

1 

16 

62 

0 

1.400 

430 

14 

0 

0 

2 

76 

06 

88 

62 
0 

26 
0 
0 
2 

28 
128 

620 
68 
0 
4 
0 
0 
0 
0 

760 

800 
88 

1 
0 
0 
0 

1 
1 

720 

OyanopliycesD,  . 

0 

0 

0 

0 

0 

0 

0 

9 

28 

91 

0 

0 

Anabana,    . 
Clathrocystla, 
Coeloepluerlam,  . 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

8 

1 
0 

10 
6 
0 

1 

0 

60 

0 
0 

0 

0 
0 
0 

AlgVBf        .        •        •        . 

0 

0 

0 

0 

pr. 

0 

101 

8 

49 

0 

0 

4 

Gloateiiom, . 
Protocoeeaa, 
Btaaraatmm, 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

^'o 

0 

0 
0 
0 

1 

100 
0 

8 
0 
6 

40 

0 
0 
0 

0 
0 
0 

0 

4 
0 

ANIMALS. 

Bhlaopoda,  . 

s 

0 

0 

0 

pr. 

0 

0 

0 

1 

0 

4 

0 

AoUnophrya, 
Difflagla,     . 

8 
0 

0 
0 

0 
0 

0 
0 

0 
pr. 

0 
0 

0 
0 

0 
0 

0 

1 

0 
0 

4 

0 

0 

0 

Infusoria,    . 

0 

pr. 

0 

0 

2 

1,607 

199 

40 

19 

8 

0 

0 

DlnobryoD, . 
Dinobryon  caaea, 
Boglena, 
Pendiniam, 
Trachelomonaa,  . 

0 
0 
0 
0 
0 

0 
0 
0 
0 
pr. 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

0 

1 

0 

1 

0 

0 
1,600 
0 
0 
7 

4 
102 
0 
0 
0 

8 

0 

40 

0 

10 
0 
2 
2 

1 

0 
0 
0 

1 

2 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

MUcellaruonMt   . 

100 

S 

IS 

0 

7 

62 

2 

49 

2 

100 

29 

99 

Acarina,      . 
ZoiSgloea, 

0 
100 

0 
8 

0 
18 

0 
0 

0 

7 

0 
62 

.02 
2 

.01 
48 

.04 
2 

0 
100 

0 
28 

0 
86 

Total, 

106 

17 

18 

27 

111 

1,768 

2,646 

606 

2,000 

482 

1,884 

1,211 
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CAMBRIDGE. 

Table  shotving  Heights  of  Water  in  Fresh  Pond  and  in  Stony  Brook  Storage 
Reservoir  on  the  Dates  when  Samples  of  Water  were  collected  for  Analysis, 

[Heighta  are  Id  feat  aboTe  Cambridge  olty  baae.] 


FBESH  POND.    Hiqh  Watbk,  16.85. 

8T0NT  BROOK  RE8EBV0IK. 

Roll  WAT,  81.00. 

Datb. 

Helgbtof 
Water. 

Date. 

Height  of 
Water. 

18QS. 

'!                              1S9S. 

Jan.    4 

14.95 

Jan.    9, 

■              • 

79.20 

Feb.   6, . 

15.05 

Feb.    7, 

75.02 

Mar.   6, . 

16.31 

Mar.   6, 

81.14 

April  4, . 

16.86 

April  4. 

81.59 

May   8,. 

16.89 

May    4.       . 

81.76 

Juoe  5,. 

16.68 

Judo  5, 

81.14 

Joiy   5, . 

16.90 

Joly    5, 

79.75 

Aag.  7,. 

16.72 

Aug.  7, 

72.00 

Sept.  5, . 

16.54 

Sept.  5, 

65.10 

Oct.    8, . 

13.90 

Oct.    8, 

66.32 

Nov.  6, . 

11.84 

Nov.   6, 

71.84 

Deo.  5, . 

12.65 

Dec.    5, 

71.75 

Water  Supply  of  Canton. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Canton 
relative  to  a  proposed  additional  water*  supply  from  the  valley  of 
Beaver  Brook  above  the  present  pumping  station  of  the  Canton 
Water  Works,  may  be  found  on  pages  14  and  15  of  this  volume. 
In  the  following  table  is  given  the  analyses  of  samples  of  water 
collected  in  connection  with  the  investigation  for  this  additional 
water  supply. 

Chemical  Examination  oj  Water  from  Tubular  Test  Wells,  in  the  Valley  of  Beaver 

Brook,  Canton, 

[Parte  per  100,000.] 


• 

1 

•  Appba&amcb. 

■ 

5 

Ammokia. 

NiTROOBV 

Aa 

1 

1 

s 

Date  of 

Colle< 

Turbidity. 

• 

s 
1 

■ 

§ 

Residue  on 
Evapon 

• 

• 

1 

c 

6 

e 

i 

• 

1 

9 

a 

1 

O 

i 

s 

i 

1S9S. 

1 

1 

1 
1 

9922 

Jan.  24 

V.  alight, 
clayey. 

V.  alight, 
earthy. 

0.00 

8.75 

.0000 

.0006 

.42 

.0150 

.0001 

.0000 

1.3 

.OUO 

9923 

Jan.  24 

Decided, 

Cone., 

0.03* 

6.60 

.0234 

.0012 

.21 

.0120 

.0000 

.0109 

2.3    .4100 

mUky. 

rusty. 

r 

9957 

Feb.     1 

None. 

V.  alight. 

0.02 

5.65 

.0000 

.0006  ; 

.82 

.0000 

.0000 

.0197 

2.7 

.0060 

*  This  aample  when  received  at  the  laboratory  had  a  color  of  0.70  caused  by  minute  particlet  of 
iron  mst  In  auspenalon,  but  subsequently,  after  the  Iron  rust  had  precipitated,  became  nearly  colorleea. 

Odor,  of  No.  9928,  faint:  of  the  othera,  none. Sample  No.  9922  waa  collected  from  tnbnlar 

test  well  No.  2,  20  feet  deep,  driven  through  11  feet  of  muck  and  five  feet  uf  sand  into  gravel.  No.  9923, 
from  test  well  No.  8,  20.5  feet  deep,  driven  through  1.45  feet  of  muck  and  2  feet  of  flue  aand  Into  gravel. 
No.  9957,  from  teat  well  No.  5,  20  feet  deep,  driven  through  5  feet  of  muck  and  5  feet  of  fine  aand  into 
gravel.  Water  was  pumped  from  the  wells  with  a  hand  pump  before  collecting  the  aamplea,  for  periods 
varying  from  2  to  4K  honra.  The  wells  were  located  in  tne  vicinity  of  Beaver  Brook,  at  a  point  where  it 
is  Joined  by  a  small  branch  from  the  aouth,  about  half  a  mile  above  the  pumping  atatlon  of  the  Canton 
Water  Worka. 

Microscopical  Examination, 

No  organlama. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  137 

Water  Supply  of  Chelsea. 

(See  Boston^  Mystic  Works.) 

Water  Supply  of  Chester. 

Description  of  Works,  — The  population  of  the  town  in  1890  was 
1,295.  The  population  of  the  main  village,  which  is  the  only  portion 
of  the  town  supplied  with  water,  is  said  to  be  about  800.  The  works 
are  owned  by  C.  L.  Goodhue.  Water  was  introduced  in  November, 
1893,  and  was  supplied  to  about  60  families  at  the  end  of  the  year. 

The  source  of  supply  is  Austin  Brook,  a  tributary  of  Walker 
Brook.  Water  is  drawn  from  Austin  Brook  at  a  point  about  1,200 
feet  from  its  mouth,  and  less  than  a  mile  west  of  the  village  of 
Chester,  where  a  small  reservoir  has  been  constructed  at  a  suflScient 
elevation  to  supply  the  town  by  gravity.  It  is  said  that  the  reser- 
voir is  formed  by  a  dam  about  8  feet  in  height,  and  covers  an  area 
60x80  feet  to  an  average  depth  of  about  6  feet. 

The  brook,  above  the  point*  where  the  dam  is  located,  drains  an 
area  about  1^  square  miles,  which  is  mainly  pasture  and  woodland ; 
it  is  said  that  there  is  but  one  dwelling  house  on  this  area. 

The  distributing  mains  are  of  cast-iron,  and  the  service  pipes  are 
of  galvanized  iron. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Chester, 
with  reference  to  taking  a  supply  of  water  from  Austin  and  other 
brooks,  may  be  found  on  pages  15  to  17  of  this  volume. 


Chemical  Examination  of  Water  from  Austin,  Bla?ulford  and  Walker  Brooks,  and 

Horn  Fond  in  Chester  and  Becket. 


[Parts  per  100,000 
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Iron,  in  No.  10430,  .0060;  in  No.  10481,  .0026;  in  the  remaining  samples,  none.    Odor  of  the  first 
two  samples,  none;  of  the  third,  distinctly  vegetable,  disappearing  on  heating;  of  the  last,  very  faintly 

vegetable. The  first  sample  was  collected  from  Austin  Brook;  the  second,  from  Blandford  Brook, 

abont  a  third  of  a  mile  from  its  mouth;  the  third,  from  Walker  Brook,  about  a  mile  from  the  Chester 
railroad  staUon,  and  the  last  from  Horn  Fond. 

Microscopical  Examination, 

The  number  of  organisms  per  cubic  centimeter  in  these  samples  was  as  follows :  No.  10430, 1;  No. 
10431,  0;  No.  104S8,  not  examined;  No.  10432, 46. 
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Water  Supply  of  Chicopee. 

Until  1893  the  city  of  Chicopee  had  been  supplied  with  water 
from  various  sources  as  follows  :  — 

Chicopee  Centre,  having  a  population  in  1890  of  about  7,500,  was 
supplied  with  water  by  the  Chicopee  Water  Company  from  Dingle 
Brook,  and  from  wells,  partly  by  gravity  and  partly  by  pumping. 

Chicopee  Falls  (population  in  1890,  5,553)  was  supplied  chiefly 
from  works  owned  by  the  district,  with  water  pumped  by  the  Chico- 
pee Manufacturing  Company  from  the  Chicopee  River  within  the 
village. 

Willimansett  Village  (population  in  1890,  about  300)  was  sup- 
plied by  the  Willimansett  Aqueduct  Company  with  water  by  gravity 
from  a  small  brook. 

In  1892  the  city  of  Chicopee  acquired  possession  of  the  works  of 
the  Chicopee  Water  Company  and  of  the  Willimansett  Aqueduct 
Company. 

In  the  winter  and  early  spring  of  1892  there  was  a  mild  epidemic 
of  typhoid  fever  in  Chicopee  Falls,  and  the  State  Board  of  Health, 
after  investigation,*  found  reason  to  believe  that  the  epidemic  was 
due  to  the  use  of  water  from  the  Chicopee  River,  a  stream  which  re- 
ceives the  sewage  of  several  thousand  people,  and  taking  these  results 
in  connection  with  investigations  in  other  places  showing  that  a  pol- 
luted running  stream  is  a  very  dangerous  source  of  water  supply, 
advised  the  city  to  secure  a  pure  wiater  supply  for  Chicopee  Falls 
and  to  discontinue  the  use  of  river  water.  The  new  supply  was  com- 
pleted at  the  end  of  1893,  and  the  use  of  water  from  the  Chicopee 
River  was  discontinued. 

Description  of  Works.  —  The  new  sources  of  supply  are  Morton 
and  Cooley  Brooks,  the  waters  of  which  are  taken  near  their  con- 
fluence, about  \\  miles  northeast  of  Chicopee  Falls.  Cooley  Brook 
is  a  tributary  of  the  Chicopee  River  from  the  north,  and  a  large  part 
of  its  course  is  through  a  ravine  in  the  great  sandy  plain  between 
Chicopee  and  Grauby.  Owing  to  the  character  of  its  watershed, 
which  allows  much  of  the  water  falling  upon  it  to  pass  into  the 
ground  and  move  gradually  toward  the  brook,  which  it  finally 
roaches  in  the  form  of  springs,  its  flow  is  well  maintained  in  a  dry 

*  See  "  An  Investigation  of  an  Oatbreak  of  Typhoid  Ferer  in  Chicopee  Falls  apparentlj 
dae  to  infected  Water  Sapplj,"  made  under  the  direction  of  Prof.  W.  T.  Sedgwick  in  tbe 
twenty-fourth  annual  report  of  the  State  Board  of  Health  for  1892,  pages  705-714. 
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season.  A  dam  about  170  feet  long  and  10  feet  in  height  has  been 
constructed  across  the  brook  at  a  point  about  three-fourths  of  a  mile 
from  its  mouth,  forming  a  small  reservoir  said  to  have  a  capacity 
when  full  of  5,500,000  gallons.  All  the  loam  and  vegetable  matter 
was  removed  from  the  area  to  be  flowed  up  to  the  level  at  which  it 
is  proposed  to  hold  the  water,  which  for  the  present  will  be  only 
high  enough  to  divert  the  water  into  a  conduit  leading  to  the  pump- 
ing station. 

Morton  Brook  is  a  small  branch  of  Cooley  Brook,  fed  almost 
wholly  by  springs,  which  enters  the  latter  a  short  distance  below 
the  dam  just  described.  A  low  dam  has  been  constructed  across 
this  brook  a  short  distance  above  its  mouth,  forming  a  small  reser- 
voir about  80  feet  long,  40  feet  wide,  and  averaging  three  feet  in 
depth,  which  was  thoroughly  cleaned. 

A  cast-iron  conduit  pipe  16  inches  in  diameter  conveys  water  by 
gravity  from  Cooley  Brook  to  a  receiving  basin  at  the  pumping 
station,  a  distance  of  2,434  feet.  A  branch  conduit  8  inches  in 
diameter,  also  of  cast-iron,  conveys  the  water  from  Morton  Brook 
to  the  main  conduit,  a  distance  of  750  feet.  It  is  proposed  to  take 
the  supply  as  far  as  possible  from  Morton  Brook,  because  of  the 
better  quality  of  its  water. 

The  receiving  basin  is  107  feet  long,  77  feet  wide  and  8  feet  deep 
at  high  water.  It  is  oval  in  shape,  with  sloping  sides,  and  has  a 
capacity  of  350,000  gallons.  The  slopes  are  paved  with  bricks  laid 
in  cement,  and  the  bottom  is  covered  with  a  layer  of  Portland 
cement  concrete,  6  inches  in  thickness,  over  which  is  a  layer  of 
gravel  4  inches  in  thickness.  At  the  end  of  the  basin  where  the 
conduit  enters,  there  is  a  sand  chamber  9  feet  long,  6  feet  wide  and 
8  feet  deep,  designed  to  catch  heavy  suspended  matter,  and  from 
this  chamber  the  water  overflows  into  the  main  portion  of  the  basin. 
The  surplus  water  brought  to  the  basin  passes  oS*  through  an  over- 
flow formed  by  a  20-inch  pipe  set  perpendicularly  in  the  centre  of 
the  basin,  and  discharging  into  a  pipe  leading  to  Cooley  Brook. 

Water  is  pumped  from  the  basin  to  the  city  and  to  an  open  iron 
tank  55  feet  in  diameter  and  60  feet  in  height,  situated  a  short  dis- 
tance from  the  main  pipe  between  the  pumping  station  and  the  city. 
All  new  distributing  mains  are  of  cast-iron ;  new  service  pipes  are  of 
galvanized  iron  and  lead. 
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The  old  works  of  the  Chicopee  Water  Company  will  still  be  used 
as  a  low-service  supply  for  the  lower  portion  of  the  city. 

The  water  supply  of  the  village  of  Willimansett  was  introduced 
in  the  summer  of  1892.  The  source  of  supply  is  a  small  brook, 
a  tributary  of  the  Connecticut  River  from  the  east,  which  flows  from 
the  westerly  side  of  the  great  sandy  plain  already  mentioned.  A 
dam  about  10  feet  in  height  has  been  constructed  across  the  brook, 
forming  a  small  reservoir  at  a  point  where  the  elevation  is  sufficient 
to  supply  the  village  by  gravity.  Distributing  mains  are  of  cast- 
iron.     Service  pipes  are  of  galvanized  iron  and  lead. 

Chemical  Examination  of  Water  from  Morton  and  Cooley  Brooks  in  Chicopee. 

[Parta  per  100,000.] 
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Iron,  in  No.  11399,  .0050;  in  No.  11400,  .0050.    Odor,  very  faintly  vegetable,  disappearing  on  heat. 

ing. The  first  sample  was  collected  from  the  receiving  basin  at  the  pnmplng  station  and  represents 

water  from  Morton  Brook.    The  second  sample  was  collected  from  Cooley  Brook  at  the  new  dam. 


Microscopical  Examination, 

No.  11399.  DiatomacesB,  Meridian,  1;  Spnedra,  1.  Fungi,  CladothHx,  2.  Mlsoellaneons,  Zodglata, 
5.    Total,  9. 

No.  11400.  Diatomaceae,  Oomphonematl\  Xavicula,2',  Synedrayl;  Tabellaria,  1.  Algae,  CloHerium, 
1.    Fnngi,  Crenoihrix,  2.    Miscellaneous,  ZoSgUxa,  6.    Total,  14. 
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cohasset. 
Water  Supplt  of  Cohasset.  —  Cohasset  Water  Company. 


Chemical  ExanUncUion  of  WcUer  from  the  Tubular 

Company. 

[Parte  per  100,000.] 
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*  This  sample  wa«  turbid  when  received  and  the  color  was  determined  after  filtration. 
t  June  to  December.  }  January  to  May.  §  February. 

KoTB  to  aoalytee  of  1803 :  Odor,  none.  —  The  samples  were  coUeoted  from  a  faucet  in  the  pumping 
*utlon  while  pumping. 


This  water  is  beginning  to  show  some  of  the  characteristics  of  an 
** iron"  water,  namely,  a  noticeable  turbidity,  sediment  and  color, 
^ndthe  presence  of  iron  and  of  certain  microscopic  organisms  often 
foand  in  such  waters.  The  determinations  of  turbidity,  sediment 
and  color  in  a  sample  of  water  of  this  class  vary  with  the  length  of 
time  that  the  water  has  been  exposed  to  the  air  after  it  has  been 
drawn  from  the  ground,  since  they  are  dependent  upon  the  amount 
of  iron  which  has  been  thereby  oxidized  and  converted  into  an 
insoluble  form.     When  the  iron  is  all  precipitated  out,  the  water 
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resumes  its  original  appearance,  free  from  color  and  turbidity. 
These  results  of  turbidity,  sediment  and  color  are,  therefore,  only 
of  value  as  showing  a  condition  which  the  water  may  assume,  and 
should  not  be  used  for  making  comparisons  between  the  different 
samples. 


Microscopical  Examination  of  Water  from  the  Tubular  Wells  of  the  Cohassel 

Water  Company, 

[Nainber  of  orgaDisms  per  cable  oentlmeter.] 
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Water  Supply  of  Concord. 

Chemical  Examination  of  Water  from  Sandy  Pond^  Lincoln. 

[Parts  per  100,000.] 
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Iron,  .0098.    Odor,  none;  on  standing  two  days,  a  faintly  anpleaaant  odor  developed  In  the  first 

sample.    On  heating,  a  faint  odor  was  developed  in  each  sample. The  first  sample  was  collected 

from  the  pond ;  the  last,  from  a  faucet  in  the  town. 

Microscopical  Examination. 

No.  10141.    Dlatomaoen,  Asterionella,  1 ;  Vermes,  Anurea,  Pr.;  Total,  1. 

No.  10269.    DiatomacecB,  AiterionelUit  Pr.;  Infnsoria,  Dinobryon,  1;  Dinobryon  coms,  10.    Total,  11. 
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Water  Supply  of  Danvers. 

Id  the  act  of  the  legislature  giving  the  town  of  Danvers  the  right 
to  supply  itself  with  water,  the  town  was  granted  permission  to  take 
its  supply  from  Middleton  Pond,  in  Middleton,  and  Swan's  Pond,  in 
North  Reading.  The  latter  is  situated  a  little  less  than  half  a  mile 
from  Middleton  Pond  and  its  surface  is  about  twenty-two  feet  higher. 
Water  was  introduced  from  Middleton  Pond  in  1876,  but  the  works 
were  not  extended  to  Swan's  Pond  until  1893,  when  a  connection 
between  the  two  ponds  was  made  by  laying  a  six-inch  cast-iron  pipe. 
Swan's  Pond  is  said  to  have  an  area  of  about  forty-five  acres. 


Water  Supply  of  Dedham. — Dedham  Water  Company. 

Chemical  EzamincUian  of  Water  from  the  Well  of  the  Dedham  Water  Company. 

[ParU  per  100,000.] 
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10.80  1 

.0000 

.0012 

.02 

.2600 

.0000 

.0637 

4.0 

.0000 

10074 

July    18  1 

None. 

None. 

0.0 

1  10.10 

.0000 

.0018 

.88 

.2600 

.0000 

.0780 

8.0 

.0000 

U35« 

Nov.  21 

None. 

None. 

0.0 
0.0 

0.50 

1             1 

.0000 

.0060 

1 

.0034  1 

1 

.90 
.02 

.1900 

1 

.0000 
.0000 

.0924 
.0780 

4.8 
4.2 

.0000 

Av... 

1  10.14 

p 

.0000 

.2825 

1 

.0000 

i 

Averages  of  Analyses  of  Previous  Years. 


" 

1887* 

- 

- 

0.0 

10.97 

.0002 

.0012  ; 

.97 

.2690 

- 

- 

- 

- 

- 

1888t 

- 

- 

0.0 

10.88  , 

.0002 

.0011  1' 

.03 

.2810 

.0000 

- 

- 

- 

- 

18801 

- 

- 

0.0 

9.16  1 

.0000 

.0020   1 

1 

.93 

,.1700 

1 

.0000  ' 

- 

- 

- 

- 

1892 

- 

- 

0.0 

10.65 

.0000 

.0006   { 

.96 

1.2982 

.0000 

1 

4.4 

.0007 

- 

1803 

1 

- 

- 

0.0 

10.14 

.0000 

.0024 

.92 

.2826 

.0000    '.0780 

1 

4.2 

.0000 

*  Jane  to  December. 


t  Jannary  to  May. 


t  April. 


NoTB  to  analyaes  of  1803 ;  Odor,  none. The  aamplea  were  collected  from  a  faacet  at  the  pumping 

station. 

Microscopical  Examination^  1893. 

A  very  few  organiams,  chiefly  DiatomaocA,  were  found  In  Noe.  10461  and  10674.     No  organlama 
were  found  In  the  remaining  aamplea. 
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Chemical  EzamincUiofi  of  Water  from  the  New  Open  Tank  of  the  Dedham  Water 

Company^  on  Federal  Hill. 

[Parts  per  100.000.] 


Date  of 

Collection. 

Appbabakck. 

1 

1 

§  i 

ft 

1 
10.85  i 

Ajucokia. 

Chlorine. 

MlTEOGKV 
A8 

Oxygen 

Consnmed. 

• 

I 

c 
•E 

& 

• 

B 

a 

55 

Turbidity. 

s 

a 

1 

Color. 

h. 

Albu- 
minoid. 

Nitrates. 

• 

s 

i 

0921 

1 
1S98. 

Jan.   *24 

None. 

None. 

0.00 

.0000 

.0020 

.06 

.2400 

.0001 

1 
.0036 

4.6 

.0060 

10460 

May   81  i 

Slight. 

Cons., 

0.02 

i  11.00  j 

.0000 

.0110 

1  .90 

.2900 

.0000 

.1312 

4.0 

.OO&O 

10673 

July  18 

Slight. 

green. 
Slight. 

0.00 

11.00  { 

.0046 

.0048 

,  .89 

.2250 

.0001 

.1688 

4.4 

.0490 

11357 

Nov.  21 

Slight. 

V.sUght. 

0.00 
0.01 
0.01 

9.60 

.0010 

.0114 
.0073 

.89 

.2550 

.0001 

.1848 

4.3 
4.3 
4.4 

.0025 

Av. 

1803 

10.49 

.0014 

.91 

1 

.2875 

.0001 
.0001 

.1200 

.0130 

.......... 

Av. 

1892 

10.80 

.0002 

.0054 

.08 

.2062 

1 

.0108 

Odor,  of  No.  10673,  unpleasant;  of  the  others,  none.  On  heating,  a  distinctly  vegetable  and 
unpleasant  odor  was  developed  in  No.  10460. The  samples  were  collected  from  the  tank. 

The  supply  of  the  Dedham  Water  Company  is  drawn  from  a  covered  well  near  Charles  River,  and 
previous  to  1890  a  single  open  tank  twenty  feet  In  diameter  and  one  hundred  and  three  feet  high  was 
used  in; connection  with  the  distributing  system.  In  1890  a  new  tank  forty-two  feet  in  diameter  and 
fifty-one  feet  high  was  added  to  the  works.  This  tank  like  the  first  was  not  covered,  but  owing  to  its 
great  diameter  in  proportion  to  its  height  the  water  has  been  exposed  much  more  freely  to  the  light,  and 
in  consequence  abundant  growths  of  microscopic  organisms  have  appeared  in  the  water  and  given  it  at 
times  an  unpleasant  odor.  The  conditions  in  this  case  are  similar  to  those  at  Brookline  in  1887,  when 
water  from  a  filter-gallery  near  Charles  River  was  pumped  into  a  similar  iron  tank  in  which  the 
organiiimB  grrew  abundantly  until  August  of  that  year  when  it  was  covered  to  exclude  the  light.  After 
covering,  the  organisms  disappeared  and  there  has  been  no  further  trouble. 


Microscopical  Examination  of  Waier  from  the  New  Open  Tank  of  the  Dedham 

Water  Company^  on  Federal  Hill, 

[Number  of  organisms  per  cubic  centimeter.] 


1898. 

January. 

Jane. 

July. 

November. 

Day  of  examination 

26 

1 

20 

22 

Number  of  sample, 

0921 

10460 

10673 

11357 

PLANTS. 
Dlatomacees,   . 

Aflterlonella,     .       . 
Fragilaria,         .        . 

2fi8cellaneou9t  Zo'dgloca, 

T0TI.L.      .... 


52 

0 
52 


5,720 

520 

5,200 


340 

0 
340 


1,053 

1,040 
18 


52 


5,720 


370 


1,053 
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DEEBFIE 


Deerfield. 


Chemical  Examination  of  Water  from  Mill  River  and  Clapp^s  Trout  Brool 

DeerJUld  and  Roaring  Brook  in  Whately, 


[Parts  per  100»000 

.] 

Date  of  Collection. 

-  ■  ■ 

Apfbabaxcb. 

Rbsidux  ox 

'     IfiVAPOXA- 

TIOH.         j 

AMUOVIA. 

1 

1  1   , 

.11 

.10 

1 

.12 

NITIOOBM 
AS 

• 

1 

a 
• 

1 

a 

o 

1    . 

i  1 

>    1 

1     ^ 

«j 

1 

1 

Lota  on 
Ignition. 

i 

Albuminoid. 

s 

I 

a 
1 

m 

1 

a 

a 
55 

1 

1 
1 

CO 

.  ims. 

11401  Nov.27 
U402  Noy.27 
11408'  Nov.27 

None. 

None. 

,  None. 

V.  slight. 
V.slight. 
V.  Blight. 

0.00 
0.00 
0.04 

7.36 

1  6.40 

0.00 

0.60 
0.66 
0.66 

.0000 
.0006 
.0002 

.0026 
.0040 
.0062 

.0020 
.0082 
.0042 

.0006 
.0008 
.0010 

.0400 
.0120 
.0080 

.0000 
.0000 

.0000 

1 

.1200 
.1204 
.1462 

Iron,  iDsigDificant.    Odor  of  all  samples,  very  faintly  vegetable. The  first  sample  was  eolleci 

from  ICiU  River  in  Deerfield  near  the  boundary  line  between  Conway  and  Deerfield ;  the  second,  f n 
Clapp's  Trout  Brook,  a  tributary  of  Mill  Klver  in  Deerfield,  and  the  last  from  Roaring  Brook  in  Whatt 
Glen,  in  the  northern  part  of  Whately. 

Microscopical  Examination, 

No.  11401.  Diatomacea,  Xavleula,  1;  Pinnularta,  1;   Synedra,  10.    Mlsoellaneons,  Zoogloeot 
Total,  16. 

JSo.  11402.  DlatomaoesB,  Synsdra,  6.  * 

No.  11403.  DlatomacesB,  Synedra,  3.    Miscellaneous,  ZodgUxa^  1.    Total,  4. 


Water  Supply  of  East  Bridgewater. 

(See  Bridgewater,) 


Water  Supply  of  Eastiiampton. 

Works  for  taking  a  water  supply  from  a  new  source  were  buill 
by  the  town  in  1892,  and  the  use  of  water  from  Williston  Pond 
has  been  discontinued.  The  new  source  of  supply  is  Bassett  Brook, 
a  stream  which  rises  in  Northampton  and  flows  into  the  Man- 
han  River,  just  opposite  the  village  of  Easthampton.  Water  is 
taken  from  the  brook  a  little  less  than  a  mile  from  its 'mouth,  at 
a  point  where  a  low  dam  has  been  constructed  forming  a  small  basin. 
From  the  basin  water  flows  by  gravity,  through  a  cast-iron  pipe 
twelve  inches  in  diameter,  to  a  pumping  station  located  at  a 
dam  on  the  Manhan  River,  a  short  distance  below  the  mouth  of 
Bassett  Brook.     From  this  point  the  water  is  pumped  by  water 


KASTHAMPTON. 

power,  through  a  new  cast-iron  force  main  ten  inches  in  diameter 
and  one  thousand  two  hundred  and  fid}'  feet  in  length,  into  the  old 
system  of  distributing  pipes  in  the  village,  the  surplus  water  going 
to  the  distributing  reservoir  on  Mt.  Tom. 

Bassett  Brook,  above  the  point  of  diversion,  drains  an  area  of 
about  6.9  square  miles.  In  the  upper  portion  of  the  watershed  the 
slopes  are  steep,  but  in  the  middle  and  lower  portions  the  surface  is 
more  nearly  level,  and  there  are  considerable  areas  of  fiat  land  in  the 
vicinity  of  the  stream,  some  of  which  are  swampy.  There  are  no 
ponds  or  storage  reservoirs  on  the  watershed. 


Water  Supplt  op  North  Easton  Viixagb  Disraicr,  Easton. 

Chemical  Examination  of   WaUr  from  the    Well  of  the  S'orth  Easton   Viilage 

Disiria. 


li 

^.o.,.. 

j|     KlTMO» 

IL 

S   ll     i     1     * 

a 

.       i        . 

No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  147 

FAIBHAVEN. 

The  results  found  by  analysis  are  somewhat  remarkable,  as  they 
show  that  water  from  flowing  wells  only  a  short  distance  apart 
differed  very  much  in  quality,  some  of  the  water  having  its  origin  in 
a  polluted  source,  and  some  of  it  being  the  natural  water  of  the 
region.  This  subject  is  referred  to  quite  fully  in  the  advice  of  the 
Board.  It  is  also  worthy  of  note  that  there  was  a  diflTerence  in 
the  temperature  of  the  water  from  wells  driven  to  the  same  depth, 
that  from  the  southerly  well  having  a  temperature,  April  12,  1893, 
of  46.5  degrees,  from  the  northerly  well,  43  degrees,  and  from  the 
middle  wells,  48  degrees.  The  temperature  of  the  water  in  the 
river  at  the  same  time  was  55  degrees. 

The  works  for  taking  water  from  this  source  were  nearly  com- 
pleted at  the  end  of  1893. 


Chemical  Examination  of  WcUer  from  Tubular  Test  Wells  in  the  Vicinity  of  the 

Nasketueket  Biver,  Fairhaven, 

[ParU  per  100.000.] 


Date  of 

Collection. 

ApPBABAliCB. 

1 

:  t 

s 

1     M 

10.16 
8.00  1 

12.60  1 

1 

1    Akxohu.. 

1 

Chlorine. 

^'iTBOOaK 
AS 

Oxyfen 

Consumed. 

1 

i 

c 

«■ 

i: 

1 

9 

a? 

1 

i   1 

t            ^ 

s 

a 
1 

■ 

5 

• 

I 

*6 

o 

c 

|a 

< 

.0020 
.0004  ' 
.0022 

1 

'    5 

1 

1 

2 

J 

10190 
10U7 
10248 

1 

1    1S»8. 
Mar.  80 

Apr.  12 

Apr.  12 

! 

None. 
'  None. 

None. 

1 

V.aHght. 

None. 

None. 

0.02 
0.00  1 
0.00 

0.01 

.0002 
.0000 
.0000 

1.48 

1 
0.81  , 

1.98 

.2200 
.0480 
.6000 

.0000 
.0000  ' 
.0000 

.0146 
.0182 
.0146 

3.1 

1.3 

1 

,  3.9 
2.8 

1 

.0000 
.0016 
.0060 

At 

1 

1 

8.88  1 

I 

.0001 

.0017 

1.41 

.2808 

.0000 

1 

.0168 

.0022 

1 

Odor,  none.    On  heating,  the  odor  of  the  first  aample  beeame  faintly  vegetable. The  wells  are 

located  in  the  vieinity  of  the  river,  about  half  a  mile  above  the  point  where  it  ia  eroaaed  by  the  Fair- 
haven  branch  of  the  N.  Y.,  N.  H.  &  H.  R  R.  The  flrat  sample  was  oolieoted  from  one  of  the  middle 
wells  in  a  line  of  six  in  the  valley  of  the  Nasketacket  River;  the  second  sample  from  the  most  northerly 
and  the  last  from  the  most  southerly  well  in  this  line. 


Microscopical  Examination. 

No.  10190.    Mlacellaneons,  Zooglom,  14. 


PAIBHAVEN. 

ChemiaU  ExamituUion  of  Water  from  the  Nasketucket  River,  Fairhaven. 

[PuU  per  lOO.OOO.] 


•s 

1 

ArruuKci. 

»4p." 

A..a»A. 

Niimoaiii 

1 
f 

1 

V. .light.  Biijht.     i.KO 

1 

it 
r 

j 

i 

1 

i 

1 

1  1 

1 

.1 

1 

,«.'i;;.v< 

..„ 

a.w 

.„.!„. 

.™ 

.»™ 

.„ 

.«aM 

..«« 

... 

Jntiy  v«g«i*ble. Ttaeumpl*  itm  collMlsd  [i 


Microscopical  Examination. 


■la,  1 ;  Sifntdra,  31 


Water  Supply  of  Falmouth  Heights.  —  Falmouth  Heights 
Water  Company. 
This  village  is  a  summer  resort  on  Vineyard  Sound  in  the  southerly 
part  of  the  town  of  Falmouth.  The  source  of  supply  is  a  well  about 
ten  feet  in  diameter  and  twenty  feet  in  depth,  located  a  short  dis- 
tance north-west  of  the  village.  Water  is  pumped  from  the  well  to 
an  elevated  wooden  tank  upon  Obser^-atory  Hill  in  the  village,  and 
is  thence  distributed  to  consumers  through  cast-iron  mains.  The 
reply  of  the  State  Board  of  Health  to  the  Falmouth  Heights  Water 
Company,  with  reference  to  the  use  of  this  well  as  a  source  of 
water  supply  for  the  village  of  Falmouth  Heights,  may  be  found  on 
page  19  of  this  volume. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Falnwuth  Heights  Water 
Company. 

[Parti  per  100,000.] 


J 

MTii.tii.act. 

A.HOM.. 

,u^.. 

1 

i 

1 

f 

1 
1 

1 

'a. 

1 

1 

i 

5 

i 

5 

1 

1 

IMM 

ATi 

clayey. 

Slight. 

white. 

... 

s.to 

.».'.«,. 

..„ 

.», 

.0174 

... 

.0000 

Odor,  lalaUj  urlhy Tha  aBinple  irai  cDlleolod  fruni  the  well. 

Microscopical  Examination. 
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n 


Water  Supply  of  Fitchburg. 

Chemical  Examinaiion  of  Water  from  8coU  Reservoir,  Fitchbx 

[Parts  per  100,000.] 


a 

I 

s     - 


ArPSAKA5CK. 


•8 


« 

a 


o 
o 


]06S5| 
11203| 

11510 


Av. 


18»8. 

July  19 
Oct.  16 


Slight. 
Decided. 


Dee.  18    None. 


Slight.      0.10 
Cons.,      '0.16 

ftftody.  I 
y.ilight.|0.04 


O.lOi 


RXSIDUB  ON 

EVAPOUA- 

TION. 


AXMOmA. 


a 
o 


8"- 

2 


i 


Albuminoid. 

> 
8 


c 


2.60 
2.20 

3.25 


2.68 


1.56 
1.16 


.0000  .0332  .0246 
.0000  .0202  .0180 


1.25  :'.0004 


.00761.0060 


l.SO  '  .0001 


.0283 


.0162 


.0086 

.0112 

t 

.0016 


.0071 


u 
o 

o 


.15 
.18 

.19 


NlTKO< 
A8 


.0000 
.0000 

.0100 


.17  .0038 


.0 

.0 

.0< 


.0( 


1887* 
1888 

1889 
1800 
1891 
1892 
1893 


Averages  of  Analyses  of  Previous  Years, 


_ 

0.30 

2.63 

1.01  ' 

. 

0.11:     2.81 

0.79 

~ 

0.09  1  2.12 

0.62 

. 

0.10  ,  2.54 

1.02  1 

— 

0.13,,  2.56 

1.05 

• 

o.isl' 

2.78 

1.16 

~ 

0.10 

1 

2.68 

1.30 

.00071.0231;  -  -  |;.15 
.0004.02401  -  -  1.13 
.0008  .02131.0162  .0061  .18 
.0010 1.0217 '.0162  .0066:!.  13 
.0007 '.0146;. OHO  .0036  |.14 
.0005. 0261. 0198. 0063  ,.18 
.0001  .02331.0162  .0071;. 17 


|. 00211  - 
,.0040.00 

'.oaio  .00 

1.0069  .004 
'.0082  .00< 
'.0080  .00< 
1.0033  .0U( 


*  June  to  December. 

KoTB  toanalyaes  of  1893:  Iron,  .0181.  Odor  of  the  first  sample,  distinctly  nnpleasaii 
disagreeable  on  standing;  of  the  other  samples,  faintly  vegetable.  -—  The  samples  were  col 
the  reserrolr  near  the  gate-hoase,  one  foot  beneath  the  surface. 

The  heights  of  water  in  this  reservoir  on  dates  when  samples  of  water  were  collected 
were  as  follows:   Jbly  19,  thirty >8even  feet;  October  16,  eighteen  feet;  December  18,  i 
feet.   High'Water  mark  is  forty  feet. 


Microscopical  Examinaiion  of  Water  from  8coU  Reservoir,  Fitchbu    i 

[Number  of  organisms  per  cable  centimeter.] 


IMS. 

July. 

October. 

I)e     1 

Day  of  examination, 

21 

17 

Number  of  sample, 

10685 

11203          1            .  1 

PLANTS. 
Diatoxnaceee 

AsterioneUa, 

Dlatoma, 

Uelofllra 

Bynedra, 

Tabellarla. 

142 

15 

2 

0 

116 

9 

1 

2,500 

36 

0 

164 

0 

2,800 
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FITCHBUBG. 

MicTOKopieal  Examination  of  Water  front  MefKng-houae  Pond,  Westminster. 

[Number  of  orgintann  per  coble  eenlimewr.] 


ina. 

... 

FOi  I  Mu. 

Apr. 

«... 

Jiin..|jnlj. 

AOK. 

s^ptjoc. 

No* 

Dec. 

DiroItiurlBUhm,        .       » 

^\     ^ 

SS 

» 

21  1      11 

se 

20 

1, 

24 

20 

XaaberalHinple,.        .  |  Mil 

lOMB  11016! 

.»M 

10«7 

10M3  10«81 

10883 

iiosi 

11202 

im: 

mil 

PLASTB. 
DlBtomacen.    .       .0 

5 

0 

M 

tl 

« 

re 

ts 

IS 

s 

6 

t 

SVCl^       ■      ■       0 

0 

0 

1 

s 

0 

3 

I 

1 

0 

? 

I 

^-riX-    :    :   -^0 

s 

Pfj 

8 
20 

ll 

» 

1 

21 

"'b 

I 

P'- 

I 

0 

■ 

t 

a 

1 

ee 

T 

IS 

IS 

fl 

1 

Mtrtotjrtii.   ;    :     0 

t         t 

g 

I 

J 

1 

s 

'? 

""lO 

0 

0 

Acapophry.     .       . 

9 

0 

0 

0 

0 

0 

0 

0 

t 

0  1        D 

n 

11 

D 

« 

I 

It 

t 

t 

34 

4 

S  1       0 

DjMlirjm,        .        . 

w 

0 
0 

0 

i 

? 

s 

0 
2 

i 

i 

i 

! 

0 

0 

, 

. 

' 

t 

« 

« 

s 

0 

s 

' 

120  .      24        »      leo        34 


Chemical  Examination  of  Water  from  Wyman's  Reservoir,  FUchburg. 
[PBmpciicio.ooo.] 


i 

„„„„.              1                                        i...„.. 

1  -Siraoo*" 

1 

1 

e'l  1 

j 

1     ^ 

1    1 

1  !j 

J 

u 

1 

1 
WrtlDM.  ,CoDi,r*11.30 

BUgbt.       Blight.       1.40 

4.20  ^2.40     .0010  .MTU  .0318. 0168 

.11    !.0000 
.16    ,.0050 

.«m 

.9717 

O.S 

Ino.  ,040:.  Odor  of  Ibe  Ant  umple.  muity  and  dliiiirrcible.  becoming  DllFnilce  an  h^Diing;  of 
^waoduDplc.  DOD*.  becoming fiinllyTegBl«hl«  on  hMllTin. The«»mple»  wetucolleolrd  trom  lh« 

Tkh  nwTTDlr  I*  n«  dhmI  u  ■  muko  or  w.tar  inpply,  ilthough  ll  i«  owned  by  Ihe  city  and  ta  wflblii  Iba 
'antgrj  Irom  whicb  It  !■  auIborlHd  to  lake  wilat. 

Microscopical  Examination. 

S*.  lOB*.  DIUomaceiB.  Sgntdra,  80.  Fnngi,  OmpfArtt,  60.  InfniorU,  iXnaiiwn  eoMl,  1. 
*"»«.  .Imwm,  3.    Ulacellmnaoaa.  Z(w;/«(.aao.    Tom],  SZ4. 

So.lMW.  DiMUmurit.Cyclolrlla.liSvntdra.f.TaMlaHn.i.  Aiim.  Chtonneev.  l;  Cloilf 
?n.);S<ip*Mliin,3.  Fongf,  ftvno(AW:r,  i.  lDtuiori»,i)li,o6™onramj,3:Prr(rf*ni"ii>.4;  TracA*. 
*•«"•.  1.    V>nBM,.4j»irM,Fr.    Tot«l,  30. 
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fbaminoham. 

Water  Supply  of  Framixgham. — Framingham  Water  Company. 

Chemical  Examination  of  Water  from  the  Filter-gallery  of  the  Framingham 

Water  Company. 

[Parts  per  100,000.] 


• 
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Appearance.            i 

§ 

AmiONIA. 

) 

I     l^ITROOSN 
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rj    1 
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bS    ' 
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1 

a 
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ate  of 

Coll 

1 
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a 

1 

II 

s 

i 

Ibu- 
mlnold. 

• 

'■     1 
2 

1 
1 

s 

• 
■ 
e 
e 

"2 

> 

a 
P 

^ 

Q 

H 

CO 

o 

M 

w, 

< 

1     U 

Ji5 

^ 

o 

S       <= 

1898. 

1 

I 

10015 

Feb.   14 

None. 

None. 

0.02 

5.00 

.0086 

.0082 

.54 

.0300 

.0000 

1 

.1035 

2.0  .0070 

10243 

April  11 

None. 

V.  slight. 

0.02 

6.25 

.0030 

.0024 

.51 

.0550 

.0001  j 

.0780 

2.5  |.0055 

10611 

Jane  18 

V.  slight. 

Slight. 

0.05 

6.20 

.0028 

.0036 

.63 

.0350 

.0001 

.0586 

2.T  .0080 

10800 

Aug.  15 

\  None. 

Slight, 
rusty. 

0.05 

5.80 

.0002 

.0038 

.60 

.0020 

.0001 

1 

.1422 

1 

2.8  '.OOSO 

1 

11160 

Oct.    11 

V.  slight. 

Cons. 

0.05, 

6.55 

.0052 

.0052 

.73 

.0180 

.0000  i 

.1498 

2.3  .OSSO 

11477 

Dec.  12 

Slight. 

V.  slight. 

0.03 

7.00 

.0010 

.0018 

.70 

1 

.1800 

1 

.0001 

.1400 

8.1   .0090 

Av. 

0.04 

6.07 

.0026 

.0033 

.62 

1            1 

1 

.0460 

.0001 

.1104 

2.6 

.0099 

Averages  of  Analyses  of  Previous  Years, 


1887* 

- 

1888     ' 

- 

1880 

- 

1890 

I 

1891 

1892t 

- 

1893 

1 

0.08 
0.10 
0.00 
0.00 
0.00  ! 

i 

0.13  I 
0.04 


5.82 

.0031 

.0124 

5.81 

.0027 

.0081 

6.18 

.0031 

.0050 

7.09 

.0020 

.0039 

6.25  , 

.0028 

.0035 

5.48 

.0051 

.0081 

6.07 

1 

.0026 

.0033 

.43 
.44 

.56 
.65 
.68 
.39 
.62 


.0123 
.0308 
.0366 
.0631 
.0707 
.0225 


.0004 
.0002 
.0001 
.0001 
.0018 


.0460  .0001  .1104 


3.0      - 

2.8      - 

I 
2.6      - 

2.6   .0099 


*  June  to  November. 


t  Two  samples  In  October. 


NoTB  to  analyses  of  1893:  Odor.  none. The  first  three  samples  were  collected  from 

the  pamplng  station  while  pamping;  the  last  three  were  collected  from  the  filter-gallery. 


a  fsacet  at 


Microscopical  Examination,  1893. 

Nos.  10015  and  10511.    No  organisms. 

Nos.  10243  and  11477.    Fungi,  Orenothrix,  2. 

No.  10800.    Fungi,  Crenothrtx,  68. 

No.  11169.    Fungi.  CrenothriXt  55.    Miscellaneous.  Zodglaa,  70.    ToUl,  125. 


>o.34.]   EXAMINATION  OF  WATER  SUPPLIES. 
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FBAMINGHAM* 

Chemical  ExamincUion  of  Water  from  a  Faucet  in  SotUh  Framingham,  supplied 
from  the  Works  of  the  Framingham  Water  Company, 

[Pftrti  p«r  100,000.] 


s 

ArPEAKANCB. 

on. 

AncONIA. 

KiTROOKK 

i 

1        r 

• 

AS 

a 

9 

!      S 

« 

S 

k 

5      1 

?     'i 

• 

e 

i 

rf 

■ 

m 
m 

7. 

2 

9 

8 

mm 

i 

l_ 

Albu- 
min 

Q 

i 

5} 

■c 

Co 

s, 

s 

• 

1 

'  IMS.  ; 

1 

10016    Feb.  14 

None. 

None. 

0.02 

,     6.70 

.0000 

.0058 

.56 

1.0250 

.0002 

.0922 

3.3 

.0100 

IBU    Apr.  11 

None. 

V.alight. 

0.02 

.     6.00 

.0008 

.0028 

.40 

.0500 

.0005 

.0547 

2.5 

.0026 

l»li   June  13 

None. 

None. 

0.01 

5.00  1 

.0000 

.0062 

.39 

.0250 

.0000  , 

.0636 

2.2 

.0026 

lJ?.o    Aag.  15 

Decided, 
milky. 

Cons., 
niBty. 

0.05 

;     5.20 

1 

.0208 

.0054 

.70 

.0000 

.0000 

.1422 

1.0 

.1200 

UlTO   Oct.   11 

V.alight. 

Slight, 

0.05  1 

6.70 

.0000 

.0020 

.71 

.0400 

.0000 

.1174 

3.0 

.0210 

' 

dbroas. 

1 

1 

1U78   Dec  12 

None. 

None. 

0.00 
0.03 

6.25 

.0002 

.0008 
.0038 

.62 
.58 

.0880 
.0297 

.0000 
.0001 

.0840 
.0023 

3.0 
2.7 

.0070 

At.. 

6.96  ' 

.0036 

.0272 

Odor  of  No.  10790,  like  tar;  of  the  others,  none. The  samples  were  collected  from  a  faucet  at 

^  works  of  the  Gossamer  Robber  Company,  which  are  located  near  the  end  of  the  distributing  system 
]^l  tooth  of  the  Boston  and  Albany  Railroad  about  a  mile  west  of  South  Framingham  and  a  little  over 
t«o  mUes  from  the  pnmping  station  by  way  of  the  pipe  line. 

Microscopical  Examination* 

No.  107N,  Miscellaneous,  Zo9gl4»a,  1120. 

5o.  11170,  Fungi,  Orenothrix,  78.    Miscellaneous,  Zoogloea^  6.    Total,  84. 

Xo.  11478,  Diatomaceas  MetoHra,  3.    Fungi,  Crenothrixt  1.    Infusoria,  Peridinium,  1.    Total,  5. 

So  orgsnisms  were  found  in  the  remaining  samples. 

Oiemkal  Examination  of  Water  from  the    Underdrain  beneath  the  Sewers  at 

Framingham, 

[Parts  per  100,000.] 


.:      I 


o 


Appbabakgb. 


1 


5 

at 


O 

"o 

O 


Jn.  14 
Feb.  14 
Mar.  14. 
Apr.  14 
Mty   ig. 
Jane  13 ' 
Joly  14 
Aog.  14 
Oct.    U 
Sot.  14 
Dec.  12 


V.  slight. 
V.  slight. 
Slight. 
V.  slight. 
V.  sUght. 
V.  slight. 
V.  slight. 
None. 
V.  slight. 
V.  slight. 
V.  slight. 


Cons. 

Cons. 

Slight. 

Blight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 

Slight. 


0.02 
,0.02 

0.00 


I" 
« 


20.10 
18.90 
18.70 


AMMOiaA. 

-6 

o 

6        ^B 

e     a 

u,        < 

.0840 
.0960 
.U840 


At. 


0.01 

20.30 

.0960 

0.021 

17.50 

.0880 

0.02 

21.00 

.0920 

0.01  < 

24.60 

.0800 

0.02 

20.40  1 

.0720 

0.02     24.20 

.0760 

0.02 

22.70 

.0760 

0.02 

19.90 

.0678 

0.02' 

1 

20.75 

1 

.0829 

1 

.0050 
.0060 
.0060 
.0040 
.0050 
.0030 
.0030 
.0020 
.0020 
.0030 
.0040 


o 

c 

o 


4.20 
3.70 
3.15 
3.65 
8.20 
4.15 
4.45 
3.95 
4.35 
4.00 
3.45 


a 

"9 

hi 

n 


a 


.6250 
.6000 
.6000 
.6750 
.7600 
.7500 
.6250 
.6000 
.6250 
.5400 
.5200 


.0039  1 1  3.84  r.6282 


.0015 
.0013 
.0010 
.0010 
.0012 
.0010 
.0011 
.0010 
.0018 
.0025 
.0023 


1 .0800 

.0500 

.0400 

.OSOO 

.0500 

1.0600 

.0400 

1.0600 

'1000 

1.0800 

.0700 


7.4 
7.8 
7.3 
7.5 
7.4 
7.5 
7.6 
7.6 
7.7 
7.1 
6.9 


.0014  1.0645  I  7.4 


Averages  of  Analyses  of  Previous  Years, 


0.00 

0-01 
O.Ol 
0.01 
0.02 


19.70 
10.71 
20.44 
19.32 
20.76 


.0800 

.0080  ' 

3.73 

.4750 

.0045 

. 

6.6  1 

.0824 

.0073  1 

3.51  ■ 

.5336 

.0026 

— 

8.4  ' 

.1029 

.0045  ' 

8.61 

..5333 

.0019 

_ 

8.0 

.0805 

.0042 

8.99 

.6667 

.0018 

_ 

8.0 

.0829 

.0089 

1 

3.84  1 

.6282 

.0014 

.0645 

7.4 

•  October. 

^A^  ff^y***  of  1893 :  Odor,  generally  faintly  vegetable  and  mouldy. The  samples  were  col- 

ThI!SAl»^»i«nirsin  at  lis  outlet. 
*>dt  in  iSk  "^  ^'  ^^  ^**  ^^^  before  sewage  was  admitted  to  the  sewers.    Several  of  the  analyses 
•"*  •**  *tt  of  those  of  subsequent  years  were  made  by  the  city  of  Boston. 
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GARDNER. 

Water  Supply  of  Gardner.  —  Gardner  Water  Company. 

Chemical  Examination  of  Water  from  Crystal  Lake,  Gardner, 

[Parts  per  100,000.] 


• 

1 

1 

o 

a 
5    , 

Appkasakcb. 

!  KB.SIDCK  OM 
1     EVAPOBA- 

Tioir. 

AjUfONIA. 

1 
1 

5 
.32 

1 

,  NiTBOOKK 
AS 

1 

umcd. 

1 

s 

as 

• 

s 
H 

a 
B 

« 

• 

o 
o 

J 

Loss  on 
Ignition. 

Albuminoid. 

.  1   i 
1  1  il 

Nitrates. 
Nitrites. 

S  1 

3    '2 

1    o  ,- 

0896 

1 

1893. ! 

JaD.  18 ' 

V.slight. 

V.slight. 

0.03 

2.00 

1 

1 

0.90 

.0006 

.0116 

.0098 

.0018 

1 

.0000 

.0000 

1 

.1700  0.8 

10037 

Feb. 21 1 

Slight. 

V.slight. 

O.Oo 

1 

2.45 

0.85 

.0012 

.0116  .0006 

.0020 

.36 

.0060 

.0000  .2497   1.8 

10185 
10268 

Mar.  16' 
Apr.  10 

Slight, 

clayey. 
Slight. 

Slight. 
SUght. 

0.08^ 
0.03 

1  2.85 
2.55 

0.80 
0.55 

.0092 
.0004 

.0146 
.0114 

.0116 
.0096 

.0030 
.0018' 

.40 
.26  ! 

.0050 
•0050 

.0001   .2876  0.9 
.0001  |.1569  0.8 

10807 

May  16 

Slight. 

V.slight. 

0.05 

2.75 

0.85 

.0004 

.0126 

.0106 

.0020 

.18 

.0050 

.0000, .1034  0.0 

10517 

June 13 

1 

Dlatlnot. 

Cons. 

0.05 

2.95 

0.95 

.0000 

.0172 

.0126 

.0046 

.27 

.0000 

.0000  .1507  0.8 

10567  June  26 1 
10662  July  14 ! 

1                               1 

Slight, 

white. 
V.slight. 

Slight. 
Slight. 

0.02 
0.08 

2.65 
2.50 

1.25 
1.05 

.0004 
.0008 

.0246 
.0158 

.0228 
.0122 

.0018 
.0036| 

.28 
.22 

.0000 
.0000 

.0000  .1580 
.0000. 1971 

0.5 
0.8 

10818 1  Aag.l5 

Slight. 

Slight. 

0.05 

2.45 

0.65 

.0000 

.0120 

.0102 

.0018 

.26 

.0000 

.0000  .1856*  0.8 

1                    1 

11016 

Sept.l2 

V.slight. 

V.slight. 

0.02 

1  2.55 

0.85 

.0000 

.0108 

.0090 

.0018 

.25 

.0000 

.0000.1.17551  0.5 

1 

11207,  Oct.  17 

V.slight. 

V.slight. 

0.03 

^  2.85 

1.00 

1 

.0000 

.0114 

.0104 

.0010 

.26 

.0000.0000 

1 

.1620  0.5 

11332  Nov  14 

V.slight. 

V.slight. 

0.10 

2.55 

0.55 

.0006 

.0080.0062 

1 

.0018 

.26 

.0020.0000 

.2282  0.8 

11472 

Dee.  11 

Slight. 

Slight. 

0.04 
0.05 

2.70 

0.65 

.0010 
.0012 

.0108 
.0126 

.00861.0022 

.26 

.27' 

.0020 
.0021 

.0000 
.0000 

.1440 

1.1 
0.8 

•Av. 

2.65 

0.82 

.0105 

.0021 i 

1 

.1879 

1 

1 

Averages  of  Analyses  of  Previous  Years. 


. 

1887t 

- 

- 

0.02 

2.63 

0.62 

1 
.0006  .0111 

1 

- 

-       .21 

.0019     - 

1 

"    1    " 

- 

1888t 

- 

10.01 

1 

2.60 

0.62 

.0023  .0112 

- 

-      1.22 

1                   , 

.00941.0001 

- 

1891§ 

- 

0.02 

1 

2.95 

0.85 

.0007  .0119 

.0298 

.0021|  .16 

.0073  .0001 

1 

0.7      - 

- 

189211 

. 

0.02 

2.45 

0.65 

.0008 

.0104 

.0086 

.0018 

.27 

.0180.0000     1.1 

- 

1893 

1 
1 

- 

- 

0.05 

2.65 

0.82 

.0012  .0126 

1 

.0105 

.0021 

.27 

1 

.0021 

.0000  .1879  0.8 

1 

*  Where  more  than  one  sample  was  collected  In  a  month  the  mean  analysis  for  that  month  has  been 
used  In  making  the  average, 
f  t  Jane  to  December.  t  January  to  May.  §  June,  three  saropies.  |j  March. 

NoTK  to  analyses  of  1893:  Iron,  .0054.    Odor,  generally  faintly  vegetable  or  none;  In  June  the  odor 

became  disagreeable  and  oily  on  heating  the  water. The  first  five  samples  were  collected  from  a 

faocet  at  the  pumping  station  while  pumping.    No.  10567  was  collected  directly  from  the  lake.    The 
remaining  samples  were  collected  from  a  faucet  In  the  town. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


G 


Microscopical  ExamincUion  of  Water  from  Crystal  Lake,  Oardn 

[Number  of  orsaniama  per  eublo  centimeter.] 


i8»a. 


Jan. !  Feb.    Mar.   Apr.    Biay.    June.   June. 


I 


I 


July. 


Ang. 


Sept 


Oot 


Day  of  examination, 
Number  of  aample. 


20   23   17 

I    , 
9806  100371 10135 


20'   17 


14 


10268'  10307  10617 

I  ' 


28,       16 
10667 '  10662 


16 


14 


I 


10813   11016  1120 


PLANTS. 
Dlotomacees, 

Aaterionella, 

Cyelofiella, 

Pragllaria, 

Meloelra, 

Uynedra, 

Tabellaria, 


CyanophycesB, 

Chrodeoecna,  . 
CcelospbaBriam, 
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Botryoocena,  . 
Protococeua,  . 
Rapbldlum,    . 
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0 

0 

8 

0 

0 

0 
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88 


186 


7  I    160 


1 
0 
0 
24 
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0 
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0 
0 


20 
0 
0 
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0 
0 
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0 
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0 
0 


675 
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46 

6 

0 

32 

0 

0 

2 

0 
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80 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 
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16 

0 

0 

11 

0 

0 

2 

0 

0 

18 

8 

1 

0 

0 

0 

0 

0 

0 

0 

18 

3 
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0 

6 
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6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0 

0 

0 

0 

0 

pr. 


pr. 
0 
0 

pr. 

pr. 


84 

84 
0 


0 
0 
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AXISIAL8 
Infusoria, 

Dtnobryon, 
DioobryoQ 
Mooaa,    . 
Peridlnlam, 
Trachelomonaa,     . 

VermoB,    ... 

A-Dorea.  ... 
Botatorian  ova. 


JtUeeUaneou;  ZoSgloBa, 
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1 

62 

46 

0 

94 

0 
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4 

28 

0 

40 

48 

0 
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0 

0 

0 
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1 
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pr. 
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pr. 
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5t 

4f 

t 
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0 

0 

0 
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pr. 

0 

pr. 

pr. 

42 

0 

0 
0 
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pr. 

0 
0 
0 
0 
0 

0 
122 

0 
pr. 

0 

0 

pr. 

pr. 

0 

pr. 

0 
0 
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0 
pr. 

0 
0 

''i 
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46  I  181  ':      28 


0 
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60 

t 
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t 

82 
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248 

746 

262 

118 

16 

82 
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GRAFTON. 

Water  Supply  of  Grafton.  —  Grafton  Water  Company. 

Chemical  Examinalion  of  Water  from  the  Filter-gallery  of  the  Oraflon  Water 

Company, 

[ParU  per  100,000.] 
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Api>baiiakcb. 
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,     ASfMOKIA. 
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<       1 
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1893. 

1 

t 

1 

1 
1 

10861 

Apr.  12 

None. 

None. 

0.0 

!  11.85 

.0004 

.0012 

1.68 

.4600 

.0000 

.0266 

4.2 

.0010 

11189 

Oct.    12; 

1 

None. 

None. 

0.0 

!     8.35  1 

i                 , 

.0000 

.0008 

0.07 

.1500 

.0000 

.0405 

3.6 

.0025 

Odor,  none. The  aampleB  were  collected  from  a  faucet  at  the  pumping  station  while  pumping. 


Microscopical  Examination, 

No.  10251.    Miscellaneous,  Zodglcta,  2. 
No.  11189.    Miscellaneous,  ZoogUxa,  21. 

Water  Supply  of  Saundersville,  Grafton. 

A  small  system  of  works  was  constructed  in  1893  to  supply  water 
to  the  Saunders'  Cotton  Mills,  in  Saundersville,  Grafton,  and  the 
houses  in  the  vicinity  of  the  mills.  The  supply  is  taken  from 
springs  on  the  northerly  slope  of  Leland  Hill  in  Sutton,  the  water 
of  which  is  collected  in  a  covered  reservoir  and  conveyed  to  the 
village  through  an  eight-inch  cast-iron  pipe.  The  advice  of  the  State 
Board  of  Health  relative  to  this  source  of  supply  may  be  found  on 
page  49  of  this  volume.  Analyses  of  water  from  the  spring  and 
from  a  well  near  the  mills  are  given  below. 


Chemical  Examination  of  Water  from  a  Spring  and  a  Well  made  during  an 
Investigation  for  a  Water  Supply  for  Saundersville^  Oraflon, 

[Parts  per  100,000.] 
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Odor,  none. The  ilrst  sample  was  collected  from  a  spring  on  the  northerly  slope  of  Leland  Hill  In 

Sutton,  near  the  boundary  line  between  Sntton  and  Qrafton.    The  last  sample  was  collected  from  a 
well  about  three  feet  in  diameter  and  ten  feet  in  depth  at  the  Saunders'  Cotton  Mills. 

Microscopical  Examination. 

No.  11243.    Diatomacen,  Tabellarla,  2. 
No.  11244.    No  organisms. 
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HANSON. 


Hanson. 


Chemical  Examination  of  Water  from  Maquam  Pond,  Hanson, 

9 

[Parts  par  100,000.] 
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0.3 

IroD.DODe.  Odor,  distinctly  vegetable  and  disagreeable,  beoomlDg  faintly  vegetable  on  heating. 
— The  sample  was  collected  from  the  pond  at  its  northerly  end,  near  the  shore. 

Reference  is  made  to  the  quality  of  this  water  in  a  reply  of  the  State  Board  of  Health  to  the  town 
of  Whitman  with  regard  to  taking  a  water  supply  for  the  town  from  this  pond  and  from  other  aoorces 
la  the  vidnity,  which  may  be  found  on  page  67  of  this  volume 

Microscopical  Examination, 

Dittomace*,  Mflotira,  2;  Synedra,!;  Tabellaria,  9.  Algss,  UlothriXt  1.  Infusoria,  IHnohryont  2; 
DiW^jfon  ca*M,  32;  Peridiniunit  702.    Total,  839. 


Water  Supply  of  Haverhill. 

Chemical  Examination  of  Water  from  Crystal  Lake,  Haverhill. 

[Parts  per  100,000.] 
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Ix<m,  Mt&.    Odor  of  the  first  sample,  very  disagreeable,  disappearing  on  heating;  of  the  second 

'''^ICi  vegetable;  of  the  last,  very  faintly  vegetable,  becoming  stronger  and  grassy  on  heating. The 

cm  tad  last  samples  were  collected  directly  from  Crystal  Lake ;  the  second  sample,  from  a  faucet  in  the 
*y  mppUed  from  Crystal  Lake. 


Microscopical  Examination, 

The  total  number  of  oi^anlsms  per  cubic  centimeter  found  in    these  samples  was  as  follows :  In 
'ebmary,  8;  in  June,  311;  in  October,  56. 


158 


STATE   BOARD   OF  HEALTH.         [Pub.  Doc. 


HAVERHH.!.. 

(Jhemical  Examination  of  Water  from  Kenoza  Lake,  Eaverhitl, 

[Parts  per  100,000.] 
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IroD,  .0052.    Odor,  vegetable  and  unpleasant  in  the  first  two  samples;  faintly  vegetable  in  thelsst. 
The  odor  diminished  on  heating. The  samples  were  collected  from  the  lake. 

Microscopical  Examination. 

The  total  number  of  organisms  per  cubic  centimeter  found  in  each  of  these  samples  was  as  foUovi: 
In  Febrnary,  192;  in  June,  66;  In  October,  437. 


Chemical  Examination  of  Water  from  Lake  SaUonstall,  HaverhUL 

[Parts  per  100,000.] 
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Iron,  .0067.  Odor  of  the  first  sample,  distinctly  vegetable  and  unpleasant;  of  the  second  sample, 
faintly  vegetable,  becomiog  stronger  and  unpleasant  on  heating;  of  the  last  sample,  very  faintly  vege- 
table, becoming  much  stronger  and  grassy  on  heating. The  samples  were  collected  from  the  lake. 


Microscopical  Examination. 

The  total  number  of  organisms  per  cubic  centimeter  found  in  each  of  these  samples  was  as  follows : 
in  February,  4;  in  June,  191;  in  October,  300. 
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HATTEBHIIili. 

ChemiccU  Examinalion  of  WcUer  from  Lake  PerUucket,  Haverhill. 

[Parts  per  100,000.] 
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Iron,  .0M8.    Odor,  yegotable,  stronger  In  the  second  semple  than  In  the  other  two. The  samples 

wen  coUeetsd  from  the  lake. 

Microscopical  Examination, 

The  total  nnmber  of  organisms  per  enbie  centimeter  found  in  each  of  these  samples  was  as  fol- 
lowt:  in  Febmary,  36;  in  June,  29;  In  October,  82. 


Water  Supply  of  Hinoham  and  Hull.  —  Hinoham  Water 

Company. 


ChemiccU  Examinalion  of  Water  from  Accord  Pond,  Hingham. 

[ParU  per  100,000.] 
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boo,  .(KM3.    Odor  of  the  first  sample,  none,  becoming  vegetable  on  standing;  of  the  fecond  sample, 

^**^dc41y  Tegeuble;  of  the  third  sample,  faintly  vegetable;  of  the  remaining  samples,  none. Sample 

_  ^*>  w  collected  from  the  pump  well  at  the  pumping  station ;  the  remaining  samples  from  the 
»•*  aeat  ibe  nrfsee. 
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HINGHAM. 

Microscopical  Examination  of  Water  from  Accord  Pond,  Hingham. 

[Number  of  organisms  per  cubic  centimeter.] 
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HINGHAM* 

Chemical  Examination  of  Water  from  Fulling  Mill  Pond,  Eingham. 

[PsrU  per  100,000.] 
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Iron,  0061.  Odofp  vegetable  or  none.    The  odor  of  No.  11073  became  disagreeable  on  heating. 
The  umples  were  eoUected  from  the  pond  near  the  surface; 


Microscopical  Examination  oj  Water  from  Fulling  Mill  Pond,  Eingham. 

[Number  of  organisms  per  cubic  centimeter.] 
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HINGHAM. 

Microscopical  ExamincUion  of  Water  from  Fulling  Mill  Pond,  Hingham 


—  Concluded. 

[Number  of  organisoss  per  cable  centimeter.] 
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Total 
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64 
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1,6N 

Water  Supply  of  Hinsdale  Fire  District,  Hinsdale. 

Chemical  ExamincUion  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale  Fire 

District. 

[Parts  per  100,000.] 
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Evapora- 
tion. 

Ammonia. 

■ 

« 

i 

.03 

■   1 

NlTKOGBX 1 

. 

B 

3 

as 

• 

s 
■e 

0 

c 
1 
1 

t: 

o 
o 

• 

Loss  on 
Ignition. 

1 

1    ^ 

All 

■ 

3nmln 

■ 

> 
8 

old. 

i 

•a 

1   B 

GO 

■ 

s 

1 

1 

1 

c 

5 

e 

o 

• 

• 
■ 

1 

10393 

1 

1S03. ; 

May  15 

V.  slight. 

Slight. 

0.10 

1.85 

0.70 

.0000*.  0138 

.0082 

.0056 

.0000 

.0000 

.2656"  0.1 

10797 
11361 

Aag.14 ; 
Nov.  21 1 

DisUnct. 
Slight. 

Cons., 

yellow. 
Cons. 

0.30' 
0.20 

0.20 

2.65 
3.20 

2.63 

1.46 
2.00 

.0000 
.0006 

.0002 

.0242 
.0274 

.0164 
.0168 

.0136 

.0088 
.0106 

.04 
.06 

.04 

.0000 
.0080 

.0010 

.0000 
.0000 

.5096'  0.2 

1 

.0048  o.e 

Av. 

1.38 

.0218 

.0083 

.0000 

.4666  0.8 

1 

1 

1 

Iron,  .0076.     Odor  of  the  first  two  samples,  vegetable;   of  the  last,  very  disagreeable. The 

samples  were  collected  from  the  reservoir. 
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niNSDAXiE. 

MicroicopiccU  Examination  of  Water  from  the  Storage  Reservoir  of  the  Hinsdale 

Fire  District. 

[Namber  of  organisms  p«r  cubic  centimeter.] 


May. 


i8»a. 


Augnst. 


Xovembcr. 


Day  of  examination, 
Xamber  of  sample,  . 


16 
10808 


15 

10797 


22 
11861 


PLANTS. 


Dlatomaceflo. 


Asterionella, 
Fnnilaria.    . 
Melodra. 
Syuedra, 


Al««. 


Anbrodesmos, 
Pmoooceaa, 
Raphidinm, 
Zoospore*,  . 


Fangl,  Crenothriz, 


1,287 


0 

1,280 

6 

0 

0 

6 

1 

2 

2 

18 

0 

3 

0 

2 

0 

8 

2 

6 

22 

22 
0 
0 
0 


0 
0 
0 
6 


A19IMAL8. 


Bhliopoda,  Areella, 


InAiMrta, 


Peridiaiam, . 
Tnehelomonas, 


Vennes, 


Aovrsa, 
Rotatotian  ova. 


90 

90 
0 


0 
0 


23 

20 
8 


12 

7 
6 


58 

56 
0 


1 
0 


MiKfUaneou$t  ZoSgiosA, 


14 


48 


8 
92 


Total, 


114 


1,803 


Water  Supply  of  Holbrook. 

(See  Randolph,) 
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HOIiYOKS:. 

Water  Supply  of  Holyoke. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Holyoke, 
with  regard  to  an  additional  water  supply,  may  be  found  on  page  19 
of  this  volume.  On  pages  168  and  169  will  be  found  analyses  of 
samples  of  water  collected  from  various  sources  examined  in  connec- 
tion with  the  investigation  for  this  supply. 

Chemical  Examination  of  Water  from  Whiting  Street  Storage  Beservoir, 

Holyoke. 

[Parts  per  100,000.] 


o 

a 

s 


a 

a 

u 

V 

f*4 

o 
U 

o 


Appbahakce. 


1 


« 

a 


OQ 


c 

a 


1893. 

9903'  Jan.  18 


10146 


Mar.  21 


10142  May  22 
10682  July  10 
11040  Sept.19 
11863iNov.21 


Av. 


DIstlDCt. 

Slight. 

Slight. 

Slight. 

Decided, 

green. 

v.  Blight. 


Slight. 

Slight. 

Slight. 

Slight, 

green. 
Cons. 

Slight. 


0.30 
O.OS 
0.20 
0.12 
0.18 
!o.20 


0.18 


Kksiduk  on 
Evapora- 
tion. 


o 


e 
o 


m 
O 


6.65 
3.25 
3.95 
5.20 
5.55 
4.40 

4.67 


1.70 
1.25 
1.20 
2.45 
1.70 
1.45 


1.63 


AXVONIA. 


Albuminoid. 

■w* 

, 

• 

s 

£ 

1 

§ 

si 

U* 

H 

s 

» 

..0024.0340.0236 

'  I  I 

..OOOO;. 0154  .0114 

'.0016.0158.0140 


.0000.0212.0182 


.0000;  .0426 
.0008  .0216 


.0008.0251 


.0244 
.0180 


.0183 


.0104 
.0040 
.0018 
.0030 
.0182 

I; 

.0036 


« 

c 

o 


.0068 


.18 
.13 
.11 
,10 
.15 
.12 


.13 


NiTROOBX 
AS 


■a 

a 


I  ■ 


o 


•a 

u 


.0100 
.0000 
.0000 
.0030 
.0030 
.0220 


.0063 


.00011  .4767 

.0000  !. 2100 

I 

.0000  .3562 

I,    ! 
.0O0i;i.3577 


3.0 
1.4 
2.1 


2.7 


.0000  .4428  3.1 
.0002  .4536,  2.6 


.0001  .3888 


2.6 


Averages  of  Analyses  of  Previous  Years, 
From  Brook  before  Beserooir  was  Built. 


- 

1 

1887* 

- 

- 

0.48 

'  7.89 

1.44 

.0024 

.0204 

- 

- 

.18 

.0126 

- 

- 

- 

- 

1888 

- 

- 

0.25 

6.63 

1.22  ; 

.0009 

.0183 

- 

- 

.10 

.0081 

.0001 

- 

- 

- 

1889t 

- 

- 

0.14'    6.72 
r 

1.02 

.0006 

.0134 

.0092 

.0042 

1 

.11 

.0054 

.0001 

- 

- 

From  Beservoir. 

— 

1890t 

- 

- 

1 
0.80 

6.05 

1.60 

.OOOS 

.0244 

.0188  .0056 

.15 

.0120  .0000 

1 

-       3.6 

1 

- 

1891 

1 

.. 

- 

0.41 

6.34 

1 

2.05 

1 

.0125 

.0311 

.0253  .0058 

.12 

.0186.0006 

1 

3.1 

- 

1892 

- 

- 

0.30;    6.67 

1.86     .0029 

.0294 

.0247.0047 

.14 

.0102.0001 

'    - 

2.8 

- 

1893 

- 

0.18 

4.67 

1.63  <  .0008 

.0251!.  0183!.  0068 

1              i 

.18 

.0063  .0001 

.383S 

1 

2.5 

« 

June  to  D( 

tcember. 

t  Janui 

ary  to 

May. 

tl 

)ecem 

ber. 

NoTB  to  analyses  of  1893 :  Iron,  .0101.  Odor  of  the  first  three  samples,  distinctly  vegetable,  and  of 
the  first,  also  disagreeable;  of  the  last  three  samples,  faintly  vegetable  or  none.  On  heating,  the  odor 
of  all  samples  was  distinctly  vegeuble. The  samples  were  collected  from  the  reservoir. 
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Micmcopical  Examination  of  Water  from  Whiting  Street  Storage  Reservoir, 

Holyoke, 

[Number  of  organlBma  per  cubic  centimeter.] 


PLANTS. 
DlatomaceeB,     . 

AslerioDelU, 

PngOaria,  .... 

BjDcdra,    .... 

Cyanophycees,  Chroocoecus, 

Alg», 

Puidorlna, .... 

Pedia«tnim, 

Protoeoccxii,      ... 

Seieittstnim, 

ZoSepores, .... 

PuQgl,  Crenothrlz,        . 

ANIMALS. 
Inftiaoria 

CrjptomoDAS,    . 

Dioobiyoo, 

HagleoA,     .... 

MOOM,  .... 

Perldioinm,       ... 

TracbelomoiUMh 

Urogteoa,   .... 

Vermes,  Polyarthrm,   . 

JfiwOaiwoiit,  Zo3gkB», 

Totai, 


1S08. 

m 

Jan. 

March. 

1 

May. 

July. 

Sept. 

Nov. 

Dij  of  eiamiofttiOD 

Nnmber  of  aample, 

20 
9003 

23 
10146 

24 
10442 

13 
10632 

20 
11049 

22 
11368 

1 

1 

8 

0 

782 

0 
0 

1 

0 
0 

1 

0 
0 
8 

0 
0 
0 

720 

62 

0 

0 

0 

24 

0 

0 

0 

1,464 

1,422 

0 

196 

0 
0 
0 
0 
0 

0 
0 
0 
0 
1,464 

42 

0 

0 

1,880 

0 

0 
0 
0 
0 
0 

0 
4 

192 
0 
0 

0 

0 

8 

1 

0 

3 
0 
1 


0 
0 
2 
0 
0 


168 

8 

0 

1 

62 

164 

0 

0 

0 

0 

0 

3 

0 

0 

0 

0 

0 

0 

0 

5 

0 

0 

0 

1 

0 

1 

pr. 

0 

0 

6 

0 

0 

0 

0 

62 

3 

0 

0 

0 

0 

0 

0 

0 

0 

1 

52 


169 


1,620 


1,456 


66 


68 


8 


1,044 


0 
0 
0 
0 
4 
0 
0 


10 
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HOL.YOKE. 

Ckemical  Examination  of  Water  from  Wright  and  Ashley  PondSj  Holyoke. 

[Parts  per  100,000.] 


■ 

a 

01 

Appbarancb. 

Rksidde  on 

EVAPGRA- 
TIOM. 

AuMOiriA. 

1 
• 

s 

i 

.17 

KlTBOG£K 
A.8 

i 

■ 

1 

• 

1 

a 
1 

1 

• 

1 

Loss  on 
Ignition. 

• 

fa 

Albnitiinold. 

■ 

1 

2 

1 

ft 

1 

525 

• 

1 

• 

o 
> 

« 
at 

o 

oo 

1  !  's 
1  1 

1   o  '  s 

9904 

1893. 

Jftn.lS 

Slight. 

SUght. 

0.08 

1 

4.85 

1.20 

.0036  .0158 

.0078 

.0080 

:.0]20 

.0001 

,     1 

'.2664  8.9 

10145 

Mar.  21 

None. 

1 

V.  slight. 

0.08, 

4.10 

1.60 

.0068 

.0158 

.0130 

.0028 

.19 

.0180  .0000 

.2160,  2.2 

10441 

May  22 

Slight. 

Slight. 

0.03 

4.60 

0.90 

.0030 

.0134 

.0120 

.0014 

.18 

.0030.0000 

.          '          1 

.1987  3.1 

10631 

July  10 

1  Slight. 

Slight. 

0.05 

4.80 

0.95 

.0016 

.0278 

.0236 

.0042 

.14 

t 

.0000.0000 

.2409  3.0 

11048 

Sept.l0 

!  Slight. 

Slight. 

0.05 

1  6.20 

1 

1.50 

.0000 

.0194 

.0142 

.0062 

.15 

.0070  .0000| 

.2182  3.1 

!          1 

11862 

Nov.  21  i 

|V.  slight. 

Oons., 
green. 

0.05 

1 

0.06 

1  4.70 

1.10 

.0004 

.0248 

.0204 

.0044 

1 
.12 

.0030 

.0001, 

1 

.3444  3.0 

Av. 

1 
1 

4.71 

1.21 

1 

.0026  .0106 

.0151 

.0043  .16  \ 

.0072.0000 

.2466  3.1 

1 

1 

1 

1 

Averages  of  Analyses  of  Previous  Years 

t 

_ 

1887* 

- 

- 

0.08 

1  6.25 

0.89 

.0029 

.0202 

- 

- 

.13 

1          1 
.0016     . 

- 

- 

- 

1888     1 

- 

- 

0.06 

4.81 

0.82 

.0024 

.0178 

- 

- 

.12 

.0054.0001 

- 

- 

- 

1889 

- 

- 

0.02 

6.87 

0.74 

.0020 

.0201 

.0161 

.0040 

.13 

.0089  .0000, 

.          1 

- 

- 

- 

1890 

- 

- 

0.01 

- 

- 

.0020 

.0201 

.0151 

.0060 

.18 

.0048  .OOOo' 

- 

- 

- 

1891t 

- 

- 

0.01 

6.10 

- 

.0046 

.0243 

.0201 

.0042 

.18 

.0086.0001      - 

'          1 

2.0 

- 

1892t 

- 

- 

0.02 

6.10 

1.15 

.0008 

.0196 

.0164 

.0042 

1 

.17 

.0020.0000      - 

3.1 

- 

1898 

- 

- 

0.06 

1 

4.71 

1.21 

.0026 

.0196 

.0162  .0043 

1 

.16 

.0072  .0000,  .2466 

3.1 

*  June  to  December. 


t  July  and  October. 


tMay. 


NoTS  to  analyses  of  1898;  Iron,  .0040.  Odor  in  March  and  May  decidedly  vegetable;  in  the  other 
months,  none.  On  heating,  the  odpr  of  all  samples  was  vegetable.  —•  The  samples  were  collected  from 
Ashley  Pond. 
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Microscopical  Examination  of  Water  from  Wright  and  Ashley  Ponds 

[Namber  of  organisms  per  cubic  centimeter.] 


1S*S. 


Jan. 


March. 


May. 


July. 


Sepi 


Day  of  examiaation, 

Number  of  sample,  .... 

PLANTS. 
DiatomacesB,    .... 

Aet4krionena,      .        .        .        . 

CycloteUa, 

Diaiocna, 

Fragilaria 

Uelofitra, 

fitepbaDodiacas, 
Byoedra,     .       .      -  . 
Tabellaria, 

Cyanophyceao, .... 

Anabena,  .        .       .       .        . 

ChroocoecQS 

Microcystis 

Alg8d, 

CUorococcTis,     .  .  .  . 

Cloateriom,         .  .  .  . 
DictyoBpbaBrinm, 

Protococcns,      .  .  .  . 

Baphidium,        .  .  .  . 

AKIMAL8. 
Bhlzopoda, 

Actloopbrys,      .        .        .       . 
Difflngla, 

Infusoria, 

DinobryoD,  .... 
Dloobryon  cases, 

Monas, 

Peridininm,        .        .        .       . 

8yiiura, 

Trsehelomooaa, 

Vermes 

Anurea, 

MoDocerca,  .  .  .  . 
Rotatorian  ova, .... 
Saoeulus,    .        .       .       .       . 

Mitcellaneoua,  Zoogloea, . 

Total, 


20 
0004 


23 
10146 


24 

10441 


18 
10031 


2( 
1104€ 


8M 

10 

86 

0 

2 

0 

0 

0 

4 

0 

22 

0 

204 

0 

0 

0 

0 

2 

16 

0 

14 

1 

10 

0 

0 

0 

0 

0 

02 

6 

20 

0 

12 

1 

8 

0 

6 

0 

0 

0 

pr. 

0 

0 

0 

0 

-  0 

0 

0 

P'. 

0 

0 

0 

18 

0 

0 

0 

pr. 

0 

0 

0 

2 

0 

0 

0 

12 

0 

0 

0 

4 

0 

0 

0 

0 

0 

0 

0 

48 

0 

1 

0 
15 
14 

0 

4 
0 


24 

0 
2 


13 

8 
1 
0 

4 
6 


IS 

0 

0 

0 

16 

0 

0 

0 

pr. 

0 

0 

0 

11 

2 

0 

26 

6 

0 

0 

0 

pr. 

2 

0 

0 

0 

0 

0 

26 

8 

pr. 

0 

0 

P'- 

pr. 

0 

0 

2 

0 

0 

0 

1 

1 

0 

0 

1 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

92 


110 


537 


123 


85 


100 


126 


0 
0 


24 

0 
24 
0 
0 
0 
0 


0 
0 
0 
0 


16 


110 
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HOLYOKE. 

Chemical  Examination  of  Water  from  Various  Sources,  collected  during  an 
Investigation  for  an  Additional  Water  Supply  for  Holyoke, 

[ParU  per  100,000.] 


• 

a 
o 

§ 

O 

o 

Appkaranok. 

Kksiduk  om 
Evapora- 
tion. 

AXHONIA. 

1 

• 

o 
a 

I 

.10 

KiTBOGBN 
AS 

Oxygen  Contained. 

1 

• 

1 

1 

a 
o 

a 

1 

8 

• 

1 

Loason 
Ignition. 

• 

1 

Albuminoid. 

1 

55 

* 

1 

5 

• 

hi 

• 

1 

> 

Sus- 
pended. 

• 

m 
s 

u 

m 

10732 

189S. 

Aug.  3 

V.  Blight. 

V.Blight. 

0.10 

3.65 

0.05 

.0000 

.0022 

.0016 

1 
.0006 

.0090 

.0000 

.06660.6 

107R3 

Aug.  3 

SUght. 

Cods. 

0.10 

3.10 

0.76 

.0000 

.0108 

.0066 

.0052 

.14 

.0000.0000' 

1 

.07401.0 

1 

10891 
10784 

Aug.25 
Aug.  4 

Slight. 
Slight. 

Slight, 

ruBty. 
Slight. 

1.05 
0.15 

6.25 
6.25 

2.50 
1.25 

.0038 
.0000 

.0246 
.0106 

.0218 
.0088 

.0028 
.0018 

.13 
.14 

.0070 
.0000 

.0000 
.0000 

1.12181.0 

1 
.14803.3 

10735 

Aug.  3 

Decided. 

Ooiu. 

0.05 

3.75 

1.50 

.0022 

.0310 

.0206 

.0104 

.12 

.0000 

.0005 

.15541.7 

11267 

Oct.  30 

V.Blight. 

Slight. 

0.12 

3.55 

6.60 

.0014 

.0042 

.0028 

.0014 

.14 

.0080 

.0000 

I  .2479  0.6 

1 

IroD,  .0059.  Odor  of  the  first  Bample,  none;  of  the  remaining  aamplea,  vegetable,  and  of  Nos. 
10734  and  10785,  alao  mouldy.  The  odor  of  the  flrat  sample  became  faintly  vegetable  on  heating; 
those  of  the  remaining  samples  were  unchanged.-^ — The  first  sample  was  collected  from  Munn  Brook  in 
GraavlUo,  just  below  the  confluence  of  Dickinson  and  Tllllson  Brooks.  The  next  two  samples,  Nos. 
10733  and  10801,  were  collected  from  the  Westfleld  Little  River,  the  former  at  Horton's  Bridge  in  West. 
field,  about  half  a  mile  below  the  mouth  of  Munn  Brook,  and  the  latter  at  a  point  in  Russell,  about  five 
miles  farther  up  stream.  No.  10734  was  collected  from  Bachelor's  Brook  at  Aldrich's  Mill  in  Granby. 
No.  10735  was  collected  from  Hampton  Pond,  Westfleld,  at  its  outlet,  just  beneath  the  surface.  No. 
11267  was  collected  from  Willimansett  Brook  in  Chlcopee. 


Microscopical  Examinalion  of  Water  from  Various  Sources,  collected  during  an 
Investigation  for  an  Additional  Water  Supply  for  Holyoke, 

[Number  of  organisms  per  cubic  centimeter.] 


1S93. 


Aug. 


Aug. 


Aug. 


Aug. 


Day  of  examination, 

Number  of  sample, 

• 

PLANTS. 
Diatomacesd,     . 

Asterionella, 
Cocconeis,  .       .       . 
Cocconema, 
Cyclotella,  . 
Epithemia, . 
Fragilarla,  . 
Oomphonema,    . 
Melosira,    . 
Navioula,    . 
Nitzschia,   . 
Plnnularla, 
Bynedra,     . 
Tabellaria, . 


5 
10732 


5 
10733 


20 
10891 


5 
10734 


Aug. 


5 
10785 


Nov. 


1 
11267 


1 

25 

5 

4 

M 

0 

0 

0 

0 

38 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

1 

0 

0 

4 

0 

0 

2 

0 

1 

0 

0 

0 

0 

0 

0 

0 

1 

0 

5 

1 

1 

0 

1 

10 

1 

1 

6 

0 

4 

0 

0 

36 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


pr. 
pr. 
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HOIiTOKE. 

Microscopical  Examination  of  Water  from  Various  Sources,  collected  during  an 
Investigation  for  an  Additional  Water  Supply  for  Holyoke—  Concladed. 

[Nambar  of  orgaDliina  per  eubio  centimeter.] 


1S*S. 


Aug. 


Aug. 


Ang. 


Aug. 


Aog. 


Nov. 


Pf^AKTS  —  Con. 
CyanopliyceflD. 

AnalMBoa,  ...         ... 

Chrooeoeent, 

Clathrocyttis, 

OMilkrU, 

AlgSB, 

CloMerlom, 

CoofierTa, 

Cotnuirioina        .        .         •        .        • 

PedlMlmm, 

Bftphidlam, 

Sphsrosoeoia, 

SuQrMtnun*      •        •        •        •  *      • 
Zoospom, 

9^1118:1 

Beggiatoa, 

CrMOChriz, 

Holdt, 

ANIMALS. 
Inftasorla, 

DioobrfoD, 

Pfrrtdiiiliim, 

TrubcloaionAS,  .        .        •       . 

Vermes, 

Anorea, 

Polyarthra, 

Mu'tlliJuauM^  ZcMSgksa, .        .        *       • 
Total, 


0 

1 

0 

1 

2,088 

0 
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0 

0 

2,080 

0 

0 

0 
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0 
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0 

0 

0 

8 

0 

1 

0 

0 

0 

0 

18 
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0 

28 

0 

0 

0 

0 

2 

0 

0 

0 

0 

8 

0 

0 

0 

0  . 

1 

0 

1 

0 

0 

0 

0 

« 

0 

0 

10 

0 

« 

0 

0 

0 

0 

0 

0 

0 

6 

0 

0  • 

0 

0 

2 

0 

116 

13 

18 

0 

0 

0 

1 

0 

0 

0 

116 

12 

13 

0 

0 

0 

0 

0 

0 

0 
0 
0 
0 


0 
0 
0 
0 
0 
0 
0 
0 


81 

0 
80 

1 


0 

862 

0 

0 

67 

0 
0 
0 

12 

840 
0 

0 

0 
0 

0 
0 
0 

0 
66 

1 

0 

0 

0 

0 

8 

0 
0 

0 
0 

0 
0 

0 
0 

2 

1 

0 

1 

0 


0 
0 


40 


64 


82 


60 


8 


M7 


72 


22 


2,282 


143 


Water  Supply  of  Hudson. 

In  the  early  part  of  1893,  particularly  in  January  and  the  first 
part  of  February,  this  supply  was  affected  by  the  presence  of  the 
organism  Vroglenay  the  most  noticeable  characteristic  of  which  is  the 
oily  odor  which  it  imparts  to  water  even  when  present  in  compara- 
tively small  numbers.  This  organism  was  present  in  the  water  sup- 
plies of  Norwood  and  Plymouth  in  the  years  1892  and  1893,  and  it 
bas  been  found  in  other  water  supplies  in  the  State.  A  description 
of  this  organism  and  an  account  of  its  effect  upon  the  taste  and  odor 


of  water  may  be  fouDd  in  the  twenty-third  annual   report  of  the 
State  Board  of  Health,  for  1891,  pages  645-658. 


Chemical  Examination  of  Water  frv. 

[F»ru  per  100,000. 


Oatea  Fond,  Berlin. 
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Micro9copic€U  Examination  of  WaJttr  from  Gates  Pond,  Berlin. 

[Namber  of  organisms  per  cubic  cenUmeter.] 


IH^S. 

Jan. 

1 
Jan.  Jan. 

Feb. 

Mar. 

Apr. 

1 

May. 

May.  Jane.  June. 

July. 

Ang 

Sept. 

Oct. 

Not. 

Dec. 

DMTofcxamiaaUon, 

10 

14 

24 

9 

29 

12 

0 

28      18 

27 

15 

17 

20 

18 

14 

19 

Kambcr  of  sample, 

»853 

O8759910'998o'lOl(» 

1        I        1 

10227 

10359  10122' 10508 

1 

10500 

10657 

10818 

11044 

11178 

11827 

11504 

PLANTS. 

1 

Diatomaoe», . 

SO 

8 

0 

0 

22 

60 

851 

179 

186 

10 

0 

18 

26 

12 

791 

8 

AslertoDella,     . 
Fragilaria, . 
Meiosln,    . 
SrMdra,     . 
TabeiJaria,. 

0 
0 
2 
28 
0 

0 
0 
0 
8 
0 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 

4 
0 
2 
18 
8 

6 

0 

00 

15 

0 

71 

0 

240 

0 

84 

120 
8 
7 
2 

47 

1 
6 
8 
1 
150 

0 
0 
0 
1 
9 

0 
0 
0 

pr. 

pr. 

8 
0 
0 
8 
12 

1 
8 
8 
1 
18 

0 

0 

8 
0 

4 

400 
0 

872 

8 

11 

0 
0 
0 
8 
0 

3yanopl:yce8B, 

0 

0 

0 

0 

0 

0 

0 

0 

44 

21 

0 

184 

180 

1 

0 

0 
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C«lo«pta»riam, . 
MkrocfstSs, 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 

0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

81 

18 

0 

8 

0 
18 

0 
0 
0 

50 

0 

84 

0 

180 

0 

1 
0 
0 

0 
0 
0 

0 
0 
0 

u«», .     .     . 

0 

pr. 

0 

0 

1 

4 

18 

11 

118 

188 

8 

1 

15 

8 

86 

1 

dtloFoeoceas,    . 

I^sndoTlna, . 

PnNoeoeeas, 

Kapfaldiiim, 

Scaorastmrnt 

Zodapores,. 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
pr. 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

1 
0 
0 
0 
0 
pr. 

0 
0 
0 
0 
0 
4 

0 

0 

12 

0 

1 
0 

1 

4 
5 
0 
1 
0 

8 
5 
94 
10 
0 
0 

1 
0 
70 
58 
2 
2 

0 
0 
2 
0 
1 
pr. 

0 
0 
0 
0 

1 

0 

6 
0 
5 
8 

1 
0 

8 
0 
0 
0 
0 
0 

0 

0 

85 

0 

1 
0 

1 

0 
0 
0 
0 
0 

ANIMALS. 

^hisopoda, 
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Difflngla,    . 

tuftiaoria, 

Dteobryoo, 
IMnobryon 
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^roclcna,  . 
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pr. 


pr. 


78 

0 

78 
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0 
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pr. 


pr. 
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184 
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pr. 


pr. 

0 
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1 

0 

2 

0 

0 

0 

0 

0 

1 

0 

0 

pr. 

1 

0 
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0 
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0 

0 

pr. 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

176 

40 

56 

10 

207 
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108 
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2 

64 

0 

9 
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4 
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8 

20 
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2 

184 
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4 
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0 

0 

42 
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0 
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26 
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60 

8 
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8 

82 
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82 

86 
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86 

0 

0 
0 
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.  .108 

m 
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48 
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0 

1 
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20 
520 
1 
0 
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Chemical  Examination  o 


Water  from  Faucets  in  Budson,  supplied  from  Oatea 
Pond. 

[rsrti  par  im.OOO.] 
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Microscopical  Examination  of  Water  from  Faucets  in  Hudson,  supplied  from 
Galea  Pond. 
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Microscopical  EzamiruUion  of  Water  from  Faucets  in  Hudson^  supplied  from 

Gales  Pond — Concluded. 

[Namber  of  organisms  per  cubic  centimeter.] 


189S. 


Jan. 


Jan. 


Jan. 


Jan. 


Jsn. 


Jan. 


Feb. 


Mar. 


Mar. 


Mar. 


Mar.   June. 


PLANTS  ~  Con. 
Algae,      .       . 

Nephrocytiom,  . 
Procococcua. 
Raphidlom, 
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0 

0 

0 

0 

0 

0 

180 

M 

64 

68 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

2 

0 

pr. 
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Table  showing  Heights  of  Water  in  Gates  Pond  once  each  Month  during  1893. 

[High-water  mark  Ib  14  feet.] 


Jia.  u. 
Pet.  ». 
lUr.  15, 
Ai>T.  U, 
JUy  U, 
JoaelS, 


Datk.  — 109S. 


Feet. 


10.0 
10.6 
11.4 
12.4 
18.6 
18.5 


Date.  — 18SIS. 


July  15, 
Aug.  15, 
Sept.  15, 
Oct.  15, 
Nov.  15, 
Dee.  16, 


Feet 


12.75 

11.8 

11.8 

10.0 

10.75 

10.7 


Water  Supply  of  Hull. 

(See  Hingham,) 

Water  Supply  of  Hyde  Park  and  Milton. — Hyde  Park  Water 

Company. 

The  works  of  this  company  for  obtaining  a  supply  of  ground  water 
in  the  vicinity  of  the  Neponset  River  were  enlarged  early  in  1893, 
by  sinking  thirty-three  tubular  wells,  located  between  the  old  systems 
of  tabalar  wells  and  the  starch  factory  well  mentioned  in  the  annual 
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HTDE  PABK  ANB  MIIiTOX. 

report  of  the  Board  for  1892.  The  new  wells  are  in  parallel  lines 
on  either  side  of  a  suction  pipe  placed  approximately  at  right  angles 
to  the  river,  their  distances  from  the  river  varying  from  sixty-four 
to  nearly  two  hundred  feet.  The  new  wells  are  two  and  a  half 
inches  in  diameter  and  of  various  depths,  ranging  from  about  twenty 
to  twenty-eight  feet.  Twelve  of  the  wells  nearest  the  river  have 
been  disconnected,  but  the  remaining  wells  have  been  in  use  since 
they  were  connected  with  the  pump  in  the  summer. 

The  advice  of  the  State  Board  of  Health  to  the  Hyde  Park  Water 
Company,  with  reference  to  the  use  of  water  from  these  wells,  may 
be  found  on  page  20  of  this  volume,  and  analyses  of  water  from 
three  are  given  on  page  176.  The  temperatures  of  the  water  in 
the  wells  from  which  these  samples  were  collected  differed  con- 
siderably one  from  another,  and  were  as  follows  :  of  the  well  nearest 
the  river  (No.  5),  forty-nine  degrees;  of  the  well  near  the  middle 
of  the  group  (No.  14) ,  forty-one  degrees ;  of  the  well  farthest  from 
the  river  (No.  36),  forty-four  degrees. 


Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Hyde  Park  Water 

Company, 

.     [Parts  per  100,000.] 


Date  of 

Collection. 

Appkaramcb. 
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Chemical  ExamincUion  of  Water  from  the  Tubular  Wells  of  the  Hyde  Park  Water 

Company  —  Concluded. 

Averages  of  Analyses  of  Previous  Years, 

[Parts  per  100,000.] 
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6.07 

.0004 

1 
.0012 

0.82 

.0099 

- 

- 

- 

- 

- 

1888 

- 

- 

0.00 

6.06 

.0001 

.0023 

0.76 

.0641 

.0002 

- 

- 

- 

- 

1889t 

- 

- 

0.00 

6.76 

.0001 

.0019 1 

0.68 

.0696 

.0001 

- 

- 

- 

- 

1890t 

- 

- 

0.012 

9.86 

.0006 

.0023 

0.88 

.0660 

.0002 

- 

4.2 

- 

- 

18B1S  ; 

- 

- 

0.03 

0.10 

.0000 

.0040 

0.96 

.0676 

.0002 

- 

3.6 

- 

18«I| 

- 

- 

0.00 

7.80 

.0004 

.0086 

0.90  1 

.0600 

.0004 

- 

8.0 

- 

- 

1888 

1 

1 

- 

0.02 

8.62   ' 

.0081 

.0082 

1.19 

.0879 

.0002 

.0976 

8.7 

.0112 

*  Jane  to  Dceamb«r. 
i  Jane  and  September. 


t  January  to  May. 

II  Two  samplea  in  July. 


X  February  and  Angnat. 


Note  to  analyaes  of  1803:  Odor,  none.  ~—  The  samplea  were  collected  from  a  faucet  at  the  pumping 
HatioQ. 


Microscopical  Eiumiination  of  Water  from  the  Tubular  Wells  of  the  Hyde  Park 

Water  Company, 

[Number  of  organlama  per  onblo  oeotimeter.] 


189S. 


1  Jan. 

1 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Not. 

Day  of  examlnatloo, . 

13 

9          8 

12 

10 

9 

18 

10 

9 

6 

11 

Kamber  of  lample,  . 

9871 

9089 

10090 

10224 

10373 

10403 

10643 

10768 

10988 

11137 

11818 

PLANTS. 

I>iatomace»,  Synedrft,      . 

0 

0 

0 

46 

0 

pr. 

0 

0 

0 

0 

0 

Panel, 

0 

0 

3 

0 

0 

0 

15 

3 

372 

0 

4 

Creoothrlx, .       .        .        • 
Melda, 

0 
0 

0 

0 

8 
0 

0 
0 

0 
0 

0 
0 

13 
2 

2 

1 

800 
72 

0 
0 

4 

0 

ANIMALS. 

1 

Xsftiaorla,  TracbelomonM, . 

0 

0 

0 

0 

0 

pr. 

0 

0 

1 

0 

0 

irticeUm«o««,  ZoiSfloM,  . 

0         0 

1 

0 

0 

3 

4 

2         2 

1 

76 

60 

1 

Total,        .... 

0 

0 

8 

46 

3 

4 

17 

5       449 

60 

6 
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HTDE  PABK  AND  MTLTOK. 

ChemiccU  Examination  of  Water  from  Faucets  in  MiUon,  supplied  from  the 

Works  of  the  Eyde  Park  Water  Company, 

[Parts  per  100,000.] 


§     1 

Appiujuxos. 

• 

§ 

1                        1 
,    Ammonia,   i 

KITBOOBN 

• 

1 

1 

^ 

AS 

«s 

. 

M 

1 

s 

a 

Date  of 
OoU 

• 

s 

B 

1 
1 

• 

1 

Kesldae  oi 
Evapo 

1 

t 

b. 

Albu- 
minoid 

• 

1 

1 

• 

• 

e 

M 

o 

• 

s 

B 

■E 

C3 

e 
1 

ISftS. 

90S0 

Jan.   26 

None. 

None. 

0.00 

8.85 

.0004 

.0022 

1.28 

.0850 

.0000 

.0584 

4.4    .0010 

10050 

Feb.   27 

None. 

None. 

0.03 

8.26 

.0008 

.0018 

1.20 

.0850 

.0000 

.0504 

4.3    .0000 

10158 

Mar.  22 

None. 

V.  slight. 

0.00 

8.10 

.0000 

.0020 

1.11 

.0600 

.0000 

.0604 

3.6 

.0000 

10210 

Apr.     4 

None. 

Slight. 

0.00 

7.25 

.0000 

.0018 

0.80 

.0800 

.0001 

.0387 

2.0  '.0045 

10367 

May      4  j' None. 

None. 

0.02 

7.75 

.0006 

.0044 

0.02 

.1100 

.0000 

.0547 

3.2  :.0025 

10407 

Jane    7    None. 

None. 

0.00 

6.00 

.0004 

.0010 

0.06 

.0800 

.0000 

.0400 

2.0  1.0050 

10814 

Jnly     6 

None. 

None. 

0.03 

7.00 

.0010 

.0018 

1.00 

.0600 

.0000 

.0803 

3.6    .0000 

10768 

Aug.     8 1 

None. 

None. 

0.05 

8.80 

.0004 

.0026 

1.31 

.0000 

.0000  ' 

.0814 

8.3  ,.0»)0 

11047 

Sept.  18 

None. 

None. 

0.02 

8.70 

.0010 

.0040 

1.28 

.0000 

.0000  , 

.1107 

8.6    .OOSO 

11220 

Oct.    17 

None. 

None. 

0.00 

0.00 

.0000 

.0080 

1.83 

.0000 

.0000 

.0072 

3.8    .OOSO 

11874 

Nov.  21 

None. 

None. 

0.00 

8.56 

.0000 

.0028 

1.86 

.1000 

.0000 

.1050 

3.6    .0030 

11514 

Dec.   18 

None. 

None. 

0.00 

0.01: 

1 

0.10 

.0000 

.0028 

1.40 

.0600 

.0000 

.1063 

3.8  j.OOOO 

Av 

8.24 

.0004 

.0025 

1.18 

.0858 

.0000 

.0783 

3.6    .0024 

t 

t 

Odor,  none. The  samples  were  collected  from  faucets  on  Adams  Street,  generally  in  the  office 

of  the  Milton  Water  Company. 


Microscopical  Examination, 

No.  10210,  Fungi,  CrenothrSx,  B. 

Nos.  10857, 10768  and  11220,  Miscellaneous,  Zodglaa,  2. 

No  organisms  were  found  in  the  remaining  samples. 


Chemical  Examination  of  Water  from  Three  of  the  New  Tutmlar  Wells  added  to 
the  Works  of  the  Eyde  Park  Water  Company  in  1893, 

[Parts  per  100,000.] 


Date  of 

Collection. 

Appsarahcb. 

i    § 

o 

fid 

Ammonia. 

4 

B 

i 

}7lTRO«BN 

AS 

• 

a 

B 
• 
B 

r 

• 

I 

B 

12 

MM 

1 

a 

s 

* 

s 

• 

1 

Albu- 
minoid. 

1 

i 

1 

• 

1 

• 

10455 
10466 
10457 

1S*3. 

May   20 

May   20 

May   20 

Distinct. 

None. 

Distinct, 
clayey. 

Oon.,vel- 
lowish. 
V.  slight. 

Cons., 
clayey. 

0.05 
0.01 
0.01 

0.02 

7.80 
4.10 
5.10 

.0456 

.0000 
.0008 

.0018 
.0004 
.0008 

.77 
.78 
.04 

.2000 
.0500 
.0500 

.0005 
.0000 
.0000  , 

.0375 
.0118 
.0263 

.0260 

1.0 
1.8 
1.4 

1.5 

.0770 
.0060 
.0060 

Av. . . 

5.67 

.0155 

.0010 

.81 

.1000 

.0002 

.0200 

Odor,  none. The  first  sample  was  collected  from  well  No.  5,  one  of  the  weUs  neareet  the  river 

and  distant  from  it  about  sixty-four  feet ;  the  second  sample,  from  well  No.  14,  one  of  the  wells  near  the 
middle  of  the  group  and  distant  about  one  hundred  and  four  feet  from  the  river;  the  last  sample,  from 
well  No.  36,  one  of  the  wells  farthest  from  the  river  and  distant  from  it  about  one  hundred  and  ninety, 
six  feet. 

Microscopical  Examination, 

No.  10465,  Miscellaneous,  Zooalaa,  144. 
No.  10466,  DiatomacesB,  jn^affilaria,  10. 
No.  10457,  No  organisms. 
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HYBE  PABK  ANB  MILTON. 

Ckemical  ExamincUion  of  Water  from  the  N^>onset  River  at  Hyde  Park. 

[Parte  per  100,000.] 


Appbxbavob. 


i  1     o 


a 


o 

I 


9ST0Jan.  11    DieUnet, 
I      mllkv. 
M%  Feb.  8    Decided, 
<i     elayey. 
1C0»  Mer.  7    DtetlDct. 

10223  Apr.  10  :  V.eUghi. 

10672  May   9    V.eUght. 

16«93  JoM  7    Slight. 

1M2  July  11    Dletloci. 

10T57  Ang.  9    Sllfl^t. 

mety. 
10937  Sept.  7    Blight. 

U136  Oct.   8  I  Difltioet. 

I1S17  Kor.  0    Slight. 


At. 


Cone. 

Cone. 

Cons., 

dark. 
BUght. 

Slight. 

Cons., 

rusty. 
Cone., 

raety. 
Heavy, 

raety. 
SUght, 

brown. 
Cone., 

raety. 
Cone. 


10 
65 
20 
00 
20 
70 
80 
20 
10 
85 
60 


RBSIDUB  05  I' 

Etapora- 

TION. 


I 


1.16 


0.80 
6.70 
7.16 
6.16 
4.80 
7.80 
8.40 
8.75 
8.75 
0.70 
8.70 


7.70 


e 

SI 


3 


2.70 

2.46 

2.80 

1.46 

1.86 

2.40 

2.60 

8.25 

2.50  ! 

2.25  I 

8.10 


AmfOMiA. 


Albuminoid. 


o 


2.40 


.0104 
.0188 
.0018 
.0002 
.0004 
.0192 
.0116 
.0068 
.0278 
.0710 
.0044 


1 

o 

s 


•o 
a  o. 

00 


.0312  .0256 


.0294 
.0264 
.0192 
.0242 


.0244 
.0218 
.0166 
.0214 


.0822.0*278 


.0151 


.0612 
.0882 
.0206 
.0806 
.0850 


.0820 


.0324 
.0264 
.0250 
.0264 
.0614 


.0264 


.0056 
.0050 
.0046 
.0026 
.0028 
.0044 
.0288 
.0068 
.0046 
.0042 
.0086 


.0066 


1 


1.50 
0.00 
0.82 
0.58 
0.43 
0.01 
1.52 
1.08 
1.56 
2.86 
1.88 


NiTSOGBH 
AS 


1.19 


I 


s 
s 


.1100 
.0200 
.0090 
.0080 
.0000 
.0050 
.0050 
.0080 
.0070 
.0000 
.0070 


.0164 


.0002 
.0001 
.0002 
.0001 
.0000 
.0003 
.0002 
.0001 
.0040 
.0004 
.0008 


.0006 


■o 

a 

9 
IB 

e 

6 

B 

be 

& 

O 


S 


.0464 

.6971 

1.0868 

.7665 


2.4 
2.8 
3.1 
1.6 


1.051211.1 


1.0430 
1.2848 
1.0809 
.7878 
.5852 
1.2720 


2.2 
8.0 
2.7 
2.0 
2.6 
2.6 


.05482.4 


Averages  of  Analyses  of  Previous  Years. 


1887* 


laoit 

18B8 


1.19 
1.02 
1.48 
0.90 
1.16 


8.86 

6.n 

10.84 

18.80 

7.70 


2.80 
2.27 
8.45 
2.86 
2.48 


.0053 
.0080 
.0190 
.0260 
.0161 


.0400 
.0324 
.0610 
,0824 
.0820 


.0418 
.0286 
.0254 


.0097 
.0088 
.0066 


0.99 
0.88 
1.16 
2.81 
1.19 


.0080 
.0096 
.0066 
.0090 
.0164 


.0002 
.0003 
.0012 
.0005 


-  8.8 

-  4.4 


.0548 


2.4 


*  Jane  to  December. 


t  Aagnst  and  September. 


X  July. 


KoR  to  analyaee  of  1803:  Iron,  .0804.    Odor,  generally  deddedly  vegetable  and  mnsty,  soroetimee 
^isigTMible  or  offeneiTO.     On  heating,  the  odors  are  generally  stronger  and  more   frequently  dls. 

•gwobls  or  offenetve. The  samples  were  collected  from  the  river  opposite  the  works  of  the  Hyde 

Ptok  Weter  Company.    The  river  is  not  used  ae  a  source  of  water  supply. 
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HYDE  PABK  AND  MLLTON. 

Microscopical  Examinaiion  of  Water  from  the  Neponset  River  at  Hyde  Park. 

[Number  of  organlems  per  cubic  centtmeter.] 


ISftS. 


Jan. 


Feb. 


Mar. 


Apr. 


Maj. 


Jane. 


July. 


Aog. 


I  I 

Sept '  Oct.  '  XoT. 


Day  of  examination, . 
Number  of  sample,    . 


18 
0870 


0 
0988 


8 
10089 


12 
10223 


10 
10872 


9 

10492 


18 
10642 


10 
10767 


9 


U 


10987   11198   USIT 


PLANTS. 

Diatomaceee, 

Epithemia,  . 

Frngllaria,  . 
^felosira, 

Plnnnlaria,  . 
Synedra, 

Tabellaria,  . 


Alero, 


Clo^teriuro, . 
ProtococouB, 
Scenedetmus, 
Splrogyra,    . 


FunfiTli 


CreDOibrix, . 
Fungus, 
Leptothrlx,  . 


0 
0 
0 
0 
0 
0 


0 
0 
0 
0 


8tt 


g 


22 
0 


0 
0 
0 
0 
1 
0 


0 
0 
0 
0 


0 
0 

0 


0 
0 
0 
0 

1 

0 


pr. 

0 
0 


268 

0 

0 

268 


19 

0 
0 
0 
0 
18 
1 


1 
0 
0 
0 


158 

158 
0 

0 


42 

pr. 
0 
0 
0 
42 
0 


0 
0 
0 
0 


0 
0 
0 


pr. 

0 
0 
0 
0 
0 
pr. 


pr. 

0 

0 

pr. 


960 

900 
0 
0 


58 

0 
13 
20 

1 
24 

0 


0 
0 
I 
8 


440 

440 
0 
0 


24 

0 
0 
0 
10 
14 
0 


18 

2 

12 

0 

4 


1,560 

1,660 
0 
0 


76 

2 
0 
0 
0 
72 
2 


2 
0 
2 
0 


176 

176 
0 
0 


0 

0 
o 

m 

0 


444 

0 
0 


3 
0 
0 
1 
IS 


0 
0 
0 
0 


40 
0 
0 


ANIMALS. 
Bhizopoda,  . 

Arcella, 
DiOiugia,      . 

Infu8oria»     . 

Dinobryon  caaee, 
Euglena, 
Monas, . 
Perldlnlum, . 
Trachelomonas,  . 


•       • 


0 

0 

0 

0 

0 

0 

8 

8 

0 

0 

0 

0 

0 

3 

8 

0 

0 

0 

0 
0 


0 
0 


0 
0 
0 
0 
0 


1 

0 
0 
0 
0 


pr. 

0 

0 

0 

0 

8 

pr. 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

2 

1 

2 

6 

8 

2 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

2 

3 

6 

1 

0 

1 

0 

0 

0 

0 

1 

0 

0 

2 

0 

1 

0 

0 
0 


0 
0 

1 

2 
0 


Jliscellaneous,  ZoUglcaa, 


Total, 


650      276 


406 


1,475 


280       675 


76 


266 


620  '  1,400 


2,460 


I 


43  I  1,682 


1,907  I  4,090 


100  '      70 


368 


626 


180 
247 
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IPSWICH, 


Ipswich. 

Chemical  Examination  of  Water  from  Down's  Brook  and  Egypt  River,  IpsKnch. 

[Parts  per  100,000.] 


ctluii. 

1 

Afp&arasick. 

Rrsidcb  ov 
£vAPoa4- 

TIOK. 

Ahxomia. 

1 

1 

* 
9) 

a 

1 

.78 
.88 

1 

NiTROGBM 

▲s       1 

• 

•0 
a 

a 

1 
1 

K 

0 

Jb 

TurbtdUy. 

. 
a 

1 

1 

1 

• 

Loss  on 
Ignition. 

• 

Albuminoid. 

• 

S 

S 

•1  i  ^ 

1'  - 

as       z 

• 

1 

-6 
o 

> 

1 

« 

Sus- 
pended. 

1 
1 

i           1 

1  IMS* 
1U28  Oct.  IS 

1 
11335  Oct.  18 

V.  slight. 

;v.  slight. 

1 

V.  slight. 
Slight. 

0.28 
1.40 

0.80 
8.35 

1.80 
2.90 

.0000 
.0012 

.0058 
.0226 

.0034 
.0212 

.0024 
.0014' 

.0240 
.0050 

.0000 
.0000 

0.2508 
1.0260 

2.6 
2.0 

No.  11228,  iron,  .0300*  No.  11225,  iron,  .0150.    Odor  of  the  first  sample,  none,  becoming  faintly 

TSfeuble  on  healing;  of  the  last  sample,  distinctly  vegetable. The  first  sample  was  collected  from 

Dow't  Brook  at  a  point  a  short  distance  above  its  mouth ;  the  last  sample,  from  Bgypt  River  or  Bull 
BnMk,  a  short  distance  above  the  mouth  of  Dow's  Brook.  The  samples  were  collected  during  an 
InvMtigation  for  a  water  supply  for  Ipswich. 

Microscopical  Examination, 

No.  11226.  Dlatomaoen,  Synedra,  1.  Fungi,  Orenothrix,  88.  Miscellaneous,  ZodgUxa,  12.  Totelj  51. 
No.  11225.    DlatomaoesB,  A^terionetla,  1;   Tabellaria,  2.     Fungi,  CrenothriXt  ^^-    Miscellaneous, 
Zoiglaa,  1.    Total,  60. 

Water  Supply  of  Kingston. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Kingston, 
with  reference  to  taking  an  additional  supply  of  water  for  the  town 
from  Jones  River,  may  be  found  on  page  21  of  this  volume. 


Lakeville. 
Chemical  Examination  of  Water  from  Long  Pond,  Lakeville, 

[Parts  per  100,000.] 


%m 

k 

a 
z 


o 
I 


o 

9 


Appbaravcs. 


3 


«i 
o 
« 

a 

1 

00 


o 


lOMO  July  12  I 

»:«  juiyas 
w:m  Aug.  9 

K»M  Aug  Jl 
1(»h6  Sept.  6 


V.  slight. 
V.  slight. 
Slight. 
SUght. 
V.sUght. 


Av. 


V.  slight 
Slight. 
Slight. 
BUght. 
V.  slight. 


1.10 
1. 00 
0.75 
0.70 
0.70 


Khsidus  om 

EVAPORA- 
TIOW. 


^ 


o 


Be 
5 


0.85 


3.76 
4.A0 
3.35 
8.35 
3.80 


3.65 


2.20 
2.25 
1.80 
1.85 
1.50 


1.92 


Amiionia. 


Albnminold. 

• 

• 

> 

■2 

•9 

1 

1 

a 

h« 

H 

a 

00 

.0000 
.0000 
.0000 
.0000 
.0000 


.0000 


.0284  .0202 
.0182.0162 
.0132.0110 
.0148  .0126 
.0132  .0116 


.0166  .0144 


.0032 
.0020 
.0022 
.0022 
.0016 


.0022 


I 


.42 
.30 
.44 
.44 
.45 


.43 


NiTROOKK 
AS 


hi 


■c 


a 

a 

M 

i 

o 

o 

«c 

K 

o 


.0000 
.0000 
.0000 
.0000 
.0090 


.OOOO!  .8687 
.0000,|.S066 
.0000;'.8058 
.0000  1.7426 
.0000,1.6825 


.0018  .0000 1 ;. 7812 

I  li 


0) 

e 

a 


0.8 
0.5 
0.5 
0.2 
0.2 


0.8 


Iron,  .0060.   Odor  of  Nos.  10708  and  10948,  vegetable;  of  the  remaining  samples,  none. The 

■smples  were  collected  from  the  pond  five  feet  beneath  the  surface,  in  connection  with  an  investigation 
for  sa  additional  water  supply  for  New  Bedford. 

Microscopical  Examination. 

The  nomber  of  organisms  per  cubic  centimeter  found  in  these  samples  varied  from  eighty  in  the 
ont  to  three  In  the  last,  and  averaged  forty-eight. 
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LAKEVTLLE. 

Chemic€U  Examination  of  Water  from  Great  Quiitacas  Pond^  Laketnlle. 

[Pans  per  100,000.] 


• 

c 
1 

s 

Appearakck. 

'  Kksidub  on 

EVAPORA- 
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1  1898. 

1 

1 

, 

i 

10658'  July  12 

V.  slight. 

V.  slight. 

0.65 

3.45 

1.80 

.0000 

.0138 

.0120 

.0018 

.47 

.0000  .0000  1.6621  0.5 

10707 

July  26 

V.  slight. 

Slight. 

0.60 

4.05 

1.80 

.0006 

.0156  .0128;. 00281 

.47 

.0000,. 0000  .5032  0.5 

10770 

Aug.  9 : 

Distinct. 

Slight. 

0.50 

3.90 

1.75 

.0000 

.0140,.  0122,.  001 8; 

.53 

.0000  .0000  1.5506  0.6 

lOni  Aug.  0 

;  Distinct. 

Slight. 

0.60 

3.26 

1.60 

.0020 

.0124 

.0098.0026| 

.48 

.0000.0000   .5293  O.S 

10947  Aug.81 

Slight. 

hjllght. 

0.55 

3.40 

1.65 

.0000 

.0154 

.0126  .0028] 

.48 

.0000.0000 

.5253  0.5 

10985 1  Sept.  6 

Slight. 

Slight. 

0.45 

1 

0.55 

3.60 

1.60 

.0000 
.0001 

.0172 
.0152 

.0134 
.0126 

.0038 

.0026 

1 

.50 
.49 

.0050 
.0010 

.0000 

.4758  0.6 

At.* 

1 

:  3.62 

1.70 

.0000' 

.5234  0.5 

*  No.  10771  was  omitted  in  making  the  average. 

Iron,  .0021.    Odor  of  Nos.  10707  and  10771,  distinctly  vegetable;  of  No.  10947,  faintly  vegeUble;  of 

the  remaining  samples,  none. The  samples  were  collected  from  the  pond  five  feet  beneath  the  sar. 

face,  excepting  No.  10771,  which  was  collected  36  feet  beneath  the  surface  at  a  place  where  the  total 
depth  of  tne  pond  was  65  feet.  The  samples  were  collected  in  connection  with  an  investigation  for  ao 
additional  water  enpply  for  New  Bedford. 


Microscopical  Examination  of  Water  from  Great  QuiUacas  Pond,  LakevilU, 

[Number  of  organisms  per  enblo  centimeter.] 


ISftS. 

July. 

July. 

Aug. 

Aug. 

Sept 

Sept 

Day  of  examination,        .... 
Number  of  sample, 

16 
10658 

28 
10707 

11 
10770 

11 
10771 

S 

10947 

0 
109S5 

PLANTS. 
DiatomacesB,     . 


Asterlonella, 
CyclotelUi  . 
Dlatoma,     . 
Melosira,     . 
Synedra, 
Tal 


abellaria, 

OyanophyceaBf  Merlsmopedla, 

£Lxfftldf      ...... 


Protococcns, 
RaphiJlum, 


3 

1 

246 

20 

80 

1 

0 

6 

0 

0 

2 

0 

72 

6 

1 

0 

0 

0 

8 

0 

0 

0 

164 

10 

24 

pr. 

1 

4 

1 

2 

0 

0 

0 

1 

8 

6 

0 

0 

0 

40 

2 

0 

0 

4 

0 

0 

0 

0 

0 

0 

2 

0 

0 

4 

0 

14 

4 

1 

0 
0 
0 
0 

0 
8 

s 

0 


Infusoria, 


ANIMALS. 


Dinobryon, 
Dinobryon  cases, 
Monas, 
Perldlntum, 
Trachelomonas, . 


Vermes, 

Polyarthra, 
Rotifer, 


pr. 

7 

50 

4 

88 

0 

0 

20 

0 

0 

0 

0 

9 

0 

0 

0 

0 

1 

0 

0 

0 

7 

20 

4 

38 

pr. 

0 

0 

0 

0 

0 

1 

1 

0 

1 

0 

1 

1 

0 

1 

0 

0 

0 

0 

0 

42 

0 

0 
0 

40 

s 

1 


MUcellaneou9t  ZoSgloea, 
Total, 


14 


13 


28 


325 


28 


66 


147 
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fcAWBBNCE. 

Water  Supply  of  Lawrence. 

As  already  stated  in  a  previous  portion  of  this  report  (page  3), 
a  filter  having  an  area  of  two  and  a  half  acres  was  constructed  by 
the  city  of  Lawrence  during  the  past  year,  at  a  cost  of  about  sixty- 
five  tliousand  dollars,  and  since  its  completion  in  September  the 
ivater  sapplied  to  the  city  has  been  filtered. 

The  reply  of  the  Board  to  an  application  from  the  city  of  Law- 
reoce  for  information  as  to  the  results  of  the  filtration  of  its  water 
supply,  after  the  filter  had  been  in  use  a  little  more  than  two  montha, 
may  be  found  on  page  22  of  this  volume. 

A  more  complete  deBcription  of  the  filter  with  a  statement  of  the 
results  obtained  by  its  use  will  be  found  in  a  subsequent  portion  of 
this  report,  also  additional  analyses  of  the  Lawrence  water  made  at 
the  Lawrence  Experiment  Station. 

'.'hemical  Examinalion  of  WeUer  from  the  Merrimack  Simr  above  Lawrence, 

opposxU  the  Intake  of  the  Lawrence  Water  Works. 

[P»r«  v  loo.ooo.] 


'^  !>uki  el  lb*  L»raD«  Walir  Wocki,  ibont  od«  fool  beneith  ths  luetics.  For  ■  record  of  the 
fwiUj  of  wner  floiriiig  In  Uh  river  os  dilei  whan  Hmplei  ot  wUer  were  collected  for  (Qalyili,  we 
M>1U.  For  ■  nmuniij  of  the  uaJrieg  of  pravloDi  rnn,  leo  "  Herrlmnck  Itlvet"  In  the  chipleToo 
" rfRlwi." 
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liAWBENCS. 

Microscopical  Examination  of  Water  from  the  Merrimack  River  above  Lawrence^ 

■  opposite  the  Intake  of  the  Lawrence  Water  Works. 

[Number  of  organlsnu  per  cubic  centimeter.] 


1898. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct 

Nov. 

Dee. 

Day  of  ezamlnatioD, 
Number  of  aample, . 

20 
0808 

10 
10010 

17 
1012d 

20 
10272 

18 
10410 

22 
10548 

21 
10670 

26 
10878 

22 
11083 

24 
11236 

23 
11371 

22 
U528 

PLANTS. 
DlatomaceeB,    . 

Aaterionella, 
Cvolotella, . 
Diatoma,    . 
Fragllaria, . 
Melosira,    . 
MerldiOD,  . 
Navlcula,   . 
Pinnnlarla, 
Synedra,    . 
Tabellarla, 

Algee,     .... 

Chlorococcua,    . 

Protococcua, 

Raphidinm, 

Scenedesmaa,    . 

Btaurogeaia, 

Zobaporea, 

Funerif  Crenothriz, 

6 

1 
1 

0 
0 
0 
0 
0 
0 
8 
1 

0 

0 
0 
0 
0 
0 
0 

0 

38 

2 

20 
0 
0 
2 
1 
8 
0 
5 
0 

0 

0 
0 
0 
0 
0 
0 

0 

51 

8 
0 
0 
0 

10 
0 
3 
4 
4 

18 

0 

0 
0 
0 
0 
0 
0 

0 

18 

0 
0 
0 
2 
7 
2 
6 
0 
2 
0 

1 

0 
0 
0 
0 
0 

1 

0 

83 

13 
2 
0 
4 
4 
4 

14 
0 

84 
8 

0 

0 
0 
0 
0 
0 
0 

8 

236 

0 

2 

0 

20 

12 

0 

0 

0 

102 

10 

7 

0 

4 
0 
1 
0 
2 

44 

278 

6 
0 
4 
0 
0 
0 
0 

1 

184 
84 

16 

0 
8 
0 

4 
0 
4 

9 

132 

24 

1 
0 
0 
0 
0 

1 
1 

100 
5 

19 

7 
5 
4 
8 
0 
0 

0 

27 

6 
0 
2 
0 
0 
0 
0 
0 
20 
0 

18 

0 
0 
8 
2 
8 
0 

64 

55 

0 
0 
2 
0 
8 
0 
0 
0 
44 
1 

1 

0 
0 
0 
0 
0 

1 

32 

9 

3 
0 
0 
0 
0 
0 
0 
1 
3 
2 

1 

0 
0 
0 
0 
0 

1 

0 

14 

0 
0 
0 
0 
12 
0 
0 
0 
2 
0 

0 

0 
0 
0 
0 
0 
0 

1 

ANIMALS. 
Bhizopoda.  Amcsba, . 

InfdBorla,  . 

Dinobryon  caaea, 

EuRlypna, . 

Blonas,       .       .       • 

Peridlnium, 

Synara, 

Trachelomonas, 

Vermes, 

Anarea,     . 
Rotatorlan  ova, 

0 

1 
1 

0 
0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 
0 

2 

0 

0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

2 

2 
0 
0 
0 
0 
0 

0 

0 
0 

0 

2 

0 
0 
0 

1 
1 

0 

0 

0 
0 

0 

37 

82 
8 
0 
0 
0 
2 

6 

3 
8 

0 

23 

20 
0 
0 
1 

1 
0 

1 
1 

0 

0 

4 

0 
0 
2 
2 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 
0 

0 

0 

0 
0 
0 
0 
0 
0 

0 

0 
0 

MUcellaneous,  Zo^gloea, 

140 

12 

800 

104 

2 

6 

80 

200 

56 

32 

40 

64 

Total, 

147 

50 

853 

123 

95      295 

426 

375 

168 

120 

50 

79 
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liAWRENCE. 

Chmieal  Examinaiion  of  Water  from  the  Force  Main  at  the  Pumping  Station 

of  the  Lawrence  Water  Works. 

[Parts  per  100,000.] 
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'  IWS. 

ftSM  Jan.  18  ,  Dlatlnct. 

IMA  Feb.  15  iDlatlDCt, 
clayey. 

10128  Mar.  15  ,  Dladnot, 
olayey. 

I0ZT3  Apr.  19  ^SUght. 

IMUMaylT,  Dliftliiet. 

lOM  JoDe21  '  SUffht. 

IO»)JvIy  19    Slight. 

I0K7I  Aog.23    SUgbt. 

*11D6|  8ept3)   Distinct, 
clayey. 
112HOCL17    Slteht, 

13372  Sot.22    V.ellghtl 

MS29Dtc.20    V.BHgbt. 


Slight. 

Slight, 

earthy. 
Cone., 

earthy. 
Cone., 

earthy. 
Heavy, 

earthy. 
Cone. 

Cons., 

earthy. 
Cons., 

green. 
Slight. 

None. 

None. 

V.  slight. 


0.42 
0.48 
0.40 
0.48 

o.eo 

0.35 
0.12 
0.18 
0.05 
0.18 
0.30 
0.33 


At. 
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4.00 

1.40 
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1.40 

3.25 

1.20 

3.00 

1.10 

2.80 

1.26 

4.20 

1.50 

4.25 

1.80 

4.55 

1.85 

13.70 

2.25 

6.75 

1.40 

0.06 

1.00 

6.60 

1.06 

4.27 

1.86 

Ajcxokia. 


Atbamlnold. 

■8 

m 

• 

•a 

g 

1 

§ 

si 

Ui 

H 

0^ 

(ft 

.0064 
.0006 
.0052 
.0014 
.0000 
.0060 
.0108 
.0102 
.0708 
.0014 
.0036 
.0090 


.0040 


.0166 
.0216 
.0240 
.0152 
.0192 
.0106 
.0200 
.0186 
.0104 
.0080 
.0082 
.0100 


.0164 


.0148 
.0184 
.0122 
.0096 
.0188 
.0146 
.0166 
.0160 
.0078 
.0074 
.0064 
.0078 


.0124 


.0018 
.0082 
.0118 
.0056 
.0054 
.0050 
.0084 
.0036 
.0026 
.0006 
.0018 
.0022 


.0040 


9 

a 


.80 
.18 
.20 
.09 
.12 
.17 
.24 
.32 
.47 
.24 
.83 
.26 


.22 


NiTBOOBV 
AS 


s 

SE 


.0050 
.0120 
.0150 
.0050 
.0100 
.0080 
.0050 
.0050 
.1200 
.0250 
.0850 
.0270 


.0184 


.0001 
.0000 
.0001 
.0001 
.0001 
.0002 
.0003 
.0002 
.0085 
.0002 
.0007 
.0003 


.0002 


1 

a 

o 
m 
C 
O 

c 
9 

M 

O 


e 


.5475 
.5610 
.5165 
.4672 
.5329 
.4424 
.3182 
.4029 
.1640 
.2128 
.4826 
.4779 


.4465 


1.8 
0.0 
0.0 
0.8 
0.8 
0.9 
1.7 
1.1 
8.1 
2.1 
3.1 
2.6 

1.6 


Averages  of  Analyses  of  Previous  Years, 


ri«87 

1888 

1889 
1890 
1991 
1892 
^    16B3 


- 

0.43 

1 
5.48 

1.34 

1 
.0017 

.0206 

- 

0.28 

4.31 

1.00 

.0024 

.0159 

- 

0.28 

3.22 

0.99 

.0020 

.0176 

- 

0.34 

4.03 

1.61 

.0030 

.0162 

- 

0.26 

3.79 

1.43 

.0039 

.0151 

- 

0.43 

4.15 

1.66 

.0035 

.0182 

- 

0.35 

4.27 

1.86 

.0049 

.0164 

- 

- 

.22 

- 

- 

.19 

.0145  .0030^ 

.19 

.0126 

.0086 

1 

.18 

.0119 

.0032 

.17 

.0146 

.0086 

.19 

.0124 

.0040 

.22 

.0140  - 
.0160  .0002 
.0111  .0002 
.01261.0002 
.0165'.  0002 
.0137'.  0001 
.0134'. 0002 


.4465 


1.2 
1.4 
1.5 


*  TUs  aample  wae  coUeeted  on  the  day  when  the  new  filter  was  first  operated,  and  represents  the 
Cm  water  that  passed  through ;  It  is  abnormal  on  this  account,  and  is  therefore  omitted  from  the 
■^•fSs.  t  June  to  December. 

NoiB  to  aaalyaea  of  1893 :  Iron,  .0156.    Odor,  vegetable  and  musty,  occasionally  none. The 

Maples  were  collected  from  a  faucet  in  the  check-valye  just  beyond  the  pump,  and,  until  September, 
1^  KpnecBt  a  mixture  of  water  from  the  river  and  the  filter-gallery,  though  but  a  small  portion  of 
us  water  came  from  tlie  latter  source.  Beginning  with  September,  the  samples  represent  water  from 
^  rivtr  after  peaclDg  through  the  new  filter.    The  odor  of  the  filtered  water  was  vegetable  but  never 
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liA  WHENCE, 

Chemical  ExamincUion  of  Water  from  the  Distributing  Reservoir  of  the  Lawrence 

Water  Works. 

[Parts  per  100,000.] 


Apfbakavcb. 
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e 

2         a 


9^ 
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c 

a 


a 


18t3. I 

^'^  Jul  is'  DUUnct. 

I 

I(^>21Feb.lo;  SUfffat, 

clayey. 
UIj:  Mar.  15 1  Slight, 

'      <uayey. 
1C.T4  Apr.  19.  V. Blight. 

IMll  May  17  '  Slight. 

K^MSJvDeSl    V.  slight. 

M^lJolyM   V. slight. 

lih!OAiig.»   V.sMght. 

n«J«eept20    Slight. 

11224  Oct.  17    Slight. 

11373  Not.  22  'v.  slight. 

11»%  Dee.  20  '  SUght. 


At. 


Slight. 

Blight, 

earthy. 
Slight, 

earthy. 
Slight. 

Slight. 

Slight. 

V.  slight. 

Slight. 

Slight. 

Slight. 

None. 

Slight. 


0.45 
0.32 
0.40 
0.40 
0.43 
0.80 
0.10 
'0.18 
0.85 
0.15 
0.30 
0.80 


I 


0.81 


Residcb  on 
£vAPoaA- 

TION. 


o 


o 

mm 


§6 


4.45 
4.15 
4.06 
2.85 
2.40 
3.40 
3.75 
4.60 
4.95 
5.70 


1.80 
1.60 
1.20 
1.20 
0.80 
1.35 
1.75 


Ammohia. 


Albuminoid. 

1 

e 

i 

> 

1 

1 
si 

Ul 

F- 

Q 

CO 

.0058  .0106 


.0008 
.0070 
.0020 
.0Q14 


.0108 
.0150 
.0120 
.0150 


.0138 


.0028 


.0174  .0024 


.0124 
.0098 
.0110 


.0028;. 0172. 0128 


.0094 


1.60  {1.0132 

I 
1.80  I!. 0118 


.0150 
.0170 
.0158 


1.45  ||. 0000.0120 
5.05  ,  1.20  '  .00121.0094 

!i      I 

5.00     1.80     .00261.0094 


4.19     1.42 


.0048 


.0145 


.0134 
.0124 
.0140 
.0080 
.0078 
.0080 


.0117 


.0026 

.0022 

.0040 

.0044 

.0016 

.0046 

.0018 

.0040 

! 

.00161 

.0014 I 


B 


.0028 


.28 
.28 
.25 
.11 
.12 
.18 
.23 
.28 
.26 
.26 
.26 
.23 


.23 


NITBOOBN 
▲8 


i 


.0070 

I 

.0150 

.0160 

.0050 

.0180 

.0070 


B 

0 


a 

a 
« 
bo 
>i 

M 

O 


a 
U 


.0002  .5648 


.0001 


I 


.0000'  .4869 


.4635 


.0001 
.0001 


.4234 
.4562 


.0050.0002 
.00701.0001 
.0150.0001 

.0220.0000 

I 

.0180'.  0005 

i 

.02001.0002 


.00021 .4029 
.2886 


.0128  .0010 


.3476 
.4223 
.2242 

.5040 
.6022 


.4231 


1.8 
1.6 
1.8 
0.0 
0.8 
0.9 
1.1 
1.4 
2.7 
2.1 
2.8 
2.2 

1.5 


Averages  of  Analyses  of  Previous  Years, 


■ 

i887»  ;| 

- 

1 
0.86 

4.10 

1.00 

.0028 

.0162  - 

- 

.19 

1 
.0151 

- 

- 

- 

1888  > 

- 

0.27 

8.81 

1.19 

.0082 

.0140 

- 

.19 

.0167 

.0002 

- 

- 

1S8B  ;i 

- 

0.25 

3.18 

0.93 

.0030 

.0150 

.0130 

.0020 

.18 

.0127 

.0003 

- 

- 

2800 

- 

0.27 

3.64 

1.09 

.0032 

.0134 

.0108 

.0026 

.17  1 

.0150  .0002 

1 

- 

1.0 

1S91 

- 

0.^ 

8.75 

1.22 

.0032 

.0182 

.0106 

.0026 

.18 

.0184 

.0002 

- 

1.2 

I9D2 

- 

0.86 

3.97 

1.59 

.0037 

.0158 

.0132 

.0026 

.19 

1    1 

.0138 

.0001 

- 

1.8 

1W3 

- 

0.81 

1 

4.19 

1.42 

.0048 

.0145 

.0117 

.0028'  .23 

.0128  .0010 

.4231 

1.6 

*  Jnne  to  December. 


KoTB  to  analyaci  of  1808;  Iron,  .0117.  Odor,  generally  distlnotly  vegetable*  frequently  monldy. 
""The  samplea  were  colleeted  from  a  fancet  at  the  gate-honse  and  represent  water  flowing  out  of  the 
'■■crvDir.  After  September  SO,  the  reservoir  was  supplied  with  filtered  water,  and  the  mouldy  odor 
BM  Bodeed  ailer  that  date. 
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L.ATVRENCB. 

Microscopical  Examination  of  Water  from  the  Distribtding  Reservoir  of  ik 

Lawrence  Water  Works, 

[Number  of  organUma  per  cable  centimeter.] 


1898. 


1 
Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Ang. 

Sept. 

Oct 

Nov. 

Dec. 

Day  of  examination, 

20 

16 

17 

20 

18 

22 

21 

25 

21 

21 

83 

22 

Number  of  sample, 

9895 

10021 

10127 

10274 

10411 

10546 

10681 

10880 

11065 

11224 

11373 

1 

11530 

PLANTS. 

i 

Dlatomaceo,    . 

19 

3 

0 

52 

62 

8 

4 

2 

9 

8 

8 

1 

Asterlonella, 
Meloslra,    . 
Merldlon,  .       .  •    . 
Navloula,   . 
Synedra,    . 
Tabellarla, 

0 
0 

1 

3 

3 

12 

0 
2 
0 

1 
0 
0 

0 
0 
0 
0 
0 
0 

5 
0 
1 
2 
44 
0 

3 
13 

4 

3 
36 

3 

0 
0 
0 
0 
8 
0 

0 
0 
0 

s 

4 

0 
0 
0 
0 

I 

0 
0 
0 
0 
7 
2 

0 
0 
0 
0 
6 
3 

0 
3 

5 
0 

0 
0 
0 
0 
0 

1 

Alfif88*      .... 

0 

■  1 

0 

3 

9 

32 

128 

88 

184 

pr. 

3 

0 

GhloroeoccuB,    . 
Closterlum, 
Protococeus,      . 
Zo<5Bporea, 

0 
0 
0 
0 

0 
0 
0 

1 

0 
0 
0 
0 

0 
0 
0 
3 

0 
1 
0 
8 

0 

7 
24 

1 

0 

0 

128 

0 

5 

1 

80 
0 

6 

1 

128 

0 

0 
0 

2 

0 

0 
0 
0 
0 

Fungi,  Orenothrlz, 

0 

0 

0 

0 

8 

0 

8 

1 

4 

pr. 

1 

0 

ANIMALS. 

Infusorial   . 

1 

0 

2 

0 

0 

0 

0 

2 

0 

2 

0 

0 

Monaa, 

Perldlnlum, 

Trachelomonaa, 

1 
0 
0 

0 
0 
0 

0 
2 

0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
2 

0 
0 
0 

2 
0 
0 

1 

0 
0 
0 

0 
0 
0 

MUceilaneotu,  ZoQglosa, 

156 

36 

146 

14 

60 

8 

28 

56 

108 

1 

0 

r 

Total, 

176 

40 

160 

60 

184 

43 

163 

147 

266 

00 

f 

12 

8 

Volume  of  Water  flowing  in  the  Merrimack  River  at  Lawrence  on  the  Dates  when 

Samples  of  Water  were  collected  for  Analysis. 


Date. 


Jan.  18, 
Feb.  15, 
Mar.  15, 
April  19, 
May  17, 
June  21, 


1808 


toluuk  flowino  ik  the 

Mkrrimack  Rivkr  in 
Cubic  Fbkt  per  Skcomd. 


Rate  of 
Flow  during 

Eleven 

Hours  of  the 

Day. 


Rate  of 
Flow  during 
the  Whole 
Twenty- 
four  Hours. 


4,580 

7,290 

18,770 

18,190 

22,600 

4,780 


2,770 

7,560 

22,100 

17,400 

21,900 

8,900 


Date. 


1808— Con. 
Jnlyl9,  . 


Aug.  23,  . 
Sept.  21,  . 
Oct.  23,  . 
Not.  22,  . 
Dec.  20,  . 


VOLDVK  FLOWISO  IV  TUB 
MSRKIXAOK  RiTSR  W 

Cubic  Fbrt  pes  Saooyo. 


Rate  of 
Flow  during 

Eleven 

Hours  of  the 

Day. 


Rate  of 
Flow  during 
the  Whole 
Twenty- 
four  Hours. 


3,230 
4,100 
8.920 
4,860 
3,230 
7,790 


2,280 
8,SSS 
8,000 
8,960 
2,2S0 
6,070 
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Water  Supply  of  Leicester. 


liEICESTEB. 


Chemical  Examinaiion  of  Water  from  ike  Wells  of  the  Leicester  Water  Supply 

District, 

[Parta  per  100,000.] 


• 


Appbabaicck. 


^ 

5 


a 

a 


§ 


IMS.     I 

IC-OSg   Feb.  21  ,  Decided. 

I      clayey  ■ 

ItZTd   Apr.  10    Distinct, 


V.  Blight. 
NoDe. 


claveY.  I 
lO&M  June  20  '  V. slight! 'Slight. 


10»S  Aug.  28  i  None. 

11250  Oet.   24  ,V.  Blight. 

,  'i 

11«:  l>ec.  20    None. 


At. 


None. 
None. 
None. 


0.50 
0.50 
0.18 
0.00 
0.25 
0.26 


e 

it 

«  m 
a  > 

•0 

o 


Ammokia.. 


o 

B 
5 


5.10  I  .0000 

]i 

5.00  !  .0006 


4.20 
5.50 
6.00 


1.0000 

1.0006 

I 

.0000 


5.70  I  .0000 


0.28,'    5.25  ,,.0002 


.0002 
.0038 
.0024 
.0008 
.0018 
.0044 


.0032 


a 

I 


.10 
.14 
.10 
.21 
.10 
.21 


.10 


NiTHOGBK 
AS 


8 


.0070 
.0100 
.0500 
.1000 
.0550 
.0780 


.0402 


.0007 
.0003 
.0006 
.0000 
.0000 
.0000 


.0008 


•9 
« 

a 

9 
m 

a 

I' 


s 

e 

1 


i 


.2847 

2.6 

.1071 

1.6 

.1230 

1.5 

.1011 

2.2 

.1444 

2.2 

.1670 

2.2 
2.1 

.1508 

.1176 
.0570 
.0200 
.0060 
.0380 
.0185 

.0420 


Odor,  of  No.  10275,  faintly  musty,  becoming  stronger  on  heating;  of  No.  11527,  faintly  vegetable;  of 

tlie  remaining  samples,  none. The  first  two  samples  were  collected  from  a  faucet  supplied  through 

I>W  feet  of  two-inch  wrooght-iron  pipe,  leading  from  the  end  of  a  six-inch  main ;  the  remaining  sam- 
p.e«,  from  IkaceU  in  the  Tillage. 


^Kro8C(^ical  ExamincUian  of  Water  from  the  Wells  of  the  Leicester  Water  Supply 

District, 

[Number  of  organisms  per  cubic  centimeter.] 


18»8. 

Feb. 

Apr. 

June. 

Aug. 

Oct. 

Dec. 

I^J  of  cuBlnalloa,        .... 

28 

20 

22 

20 

26 

2!2 

5^amber  of  sample, 

10080 

10275 

10540 

10808 

11250 

11627 

PLANTS. 

Dlatomace», 

8 

0 

{ 

157 

M 

Astetlooella, 

Cyeloulla, 

fsbellula,!       *.       !        !        \       . 

2 
0 

1 
0 

0 
0 
0 
0 

0 
0 
0 
2 

76 
7 

74 
0 

1 

0 

21 

2 

AlgB,  Protococeas,      .... 

0 

0 

0 

88 

0 

Fon^.  Fungus, 

0 

1{ 

0 

0 

0 

ANIMALS. 

^^aAuoris,  Peridiniura,     . 

0 

0 

0 

0 

1 

1 

^iietiiamecmt,  ZxagLcu^ 

92 

4 

H 

8 

0 

1 

TOTAI., 

84 

7 

26 

5 

104 

26 
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liEOMINSTEB. 

Miemscopical  Examination  of  Water  from  Haynea  Reservoir^  Leominster. 

[Number  of  organisms  per  cubic  centimeter.] 


189S. 

Jan. 

March. 

May. 

July. 

Sept. 

Nov. 

Day  of  examioadoo 

Number  of  sample, 

24 
0900 

22 
10144 

28 
10424 

20 
10671 

20 
11054 

21 
11351 

PLANTS. 

l>Utoinac6»,     . 

Aitorionella. 
Meloslra,    .       . 
Svocdra.    . 

TWlaria, .       . 

Cyanophyoew,  . 

AoabttDa,  . 
Chohrocystis,    . 
CalosphaDifam, 

AJ«»,     .... 

Arthrodesnras,  .       . 
Pedistinm, 
Protoooeens, 
Raphldiam, 
B^osdesmua,     . 
BUnnstnim,     . 

^mgl,    .... 

Paofos,     . 

Molds,        .       .       . 

ANIUALS. 
Hhizopoda,  Dlfflagla, 

IfiAuorla,   . 

^'TP^omonaa,    . 

Peridiniiim,       •       . 
TiadiekMionaa, 

Vermes, 

Aanraa, 
Polyarthra, 
fioitfer.      .       . 

TotiL, 


0 
0 
0 
4 


M 

0 

62 

0 


0 
0 
0 
0 
0 
0 


5 
0 


52 

0 

8 

44 

0 


11 

0 

11 

0 


14 


2 

0 
0 
0 


1 

0 
0 


0 
0 

1 

0 


pr. 


4f4 


tt 


548 


84 


1,831 


3 

0 
0 

1 

2 


1 
0 
0 


026 


1{ 

1,797 

474 

486 

0 
0 
9 
3 

06 

740 

1 

960 

17 

196 

1 

260 

10 
852 

4 
70 

1 

1 

ne 

8ie 

0 

1 
0 

0 
1 
0 

28 
152 
116 

0 

312 
0 

0 

5 

148 

ie 

0 
0 
0 
0 
0 
0 

0 
3 
0 
0 

^'2 

0 
7 
108 
5 
20 
0 

0 
2 
10 
0 
0 
0 

0 

0 

8 

0 

0 
0 

0 

0 

0 
3 

0 

0 

8 

0 
0 
8 
0 


6 

4 
0 
2 


428 

116 

112 

3 

192 


84 

0 

32 

2 


106 

8 

3 
10 

0 
88 

2 


0 
0 


8 

0 
0 
3 
0 


0 
0 
0 


774 


566 
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LSOMINSTEB. 

Chemical  Examination  of  Water  from  Morse  Be9ervoir^  Leominster. 

[Parte  per  100,000.] 


I 

a 


a 
o 


a 
o 
o 


0910 
10143 
10425 
1O0T2 
11065 
11350 


Av. 


IMS. 

Jan.  21 

Mar.  20 
May  22 
July  17 
Sept.  19 
Nov.20 


ArrmAMAMCM. 


1 

B 

H 


«l 

a 

a 


o 
p 


V.ellfht. 
V.  slight. 
V.  flight. 
V.  alight. 

Slight. 

I 

i  Slight. 


V.  alight. 

Slight. 

Slight. 

Blight. 

Slight. 

Slight. 


0.65 
0.40 
0.40 
0.10 
0.25 
0.62 


Bsfliona  OS 

KVAPOBA- 

noB. 


o 


0.40 


4.00 
2.60 
1.85 
2.30 
2.85 
2.75 


2.73 


e 


5 


1.60 

1.20 

1.10 

1.351 

1.65 

1.25 


Ajocoxia. 


Albaminotd. 

• 

•2 

• 

• 

1 

1 

S 

«0 

NlTBOGES   '      '6 

^         I     B 

D 


6 


S 

'         r 
I 


^ 

« 

c 

» 

e 

*• 

bs 

^ 

>t 

b 

K 

« 

o 

■w 

1.86 


.0000 
.0016 
.0000 
.0020 
.0010 
.0006 


.0180 
.0108 
.0110 
.0200 
.0234 
.0220 


,0152  .0028' 
.0062.0046, 
.0068.0022 
.0164  .0036 

.0190  .0044 

I 
.0152  .0068 


22  1.0030!  .0003'  .^01 
13  '.0070.0001'  .3744 
00  '.0080  .0000,  .4650 
.0030;. 0000  .4992 
.0030.0000  .4715 


.0009.0175 


.0135  .0041 


.14 
.24 


1.16 


.0000 


.0001 !. 6132 

I 


l.« 
0.5 
0.0 
0.0 
0.5 
0.3 


.0032  .0001  1.5156  0.5 


Iron,  .0129.    Odor,  generally  distinctly  Tegotable,  becoming  fainter  on  heating. The  samplet 

were  collected  from  the  reservoir. 

This  reserrolr  was  enlarged  in  1891  by  the  constmction  of  a  new  and  higher  dam,  increasing  iti 
depth  to  28  feet  and  iU  capacity  from  7,000,000  to  40,000,000  gallons.  It  is  said  that  all  loam  and  \eg^ 
table  matter  was  removed  from  the  land  flowed  by  raising  the  dam. 


Microscopical  Examination  of  Water  from  Morse  Reservoir^  Leominster, 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  examination, 
Number  of  sample,  . 


PLANTS. 
DiatomacesB, 


Asterlonella, 
Cyclotella,  . 
Synedra,     . 
Tabellarla, . 


Aier»t 


Closterium, 
Protococcus, 
Raphidium, 
Stanrastrum, 


Fungi,  Molds, 


199S. 


Jan. 


March. 


May. 


24 
9910 


22 
10143 


23 
10425 


pr. 

0 

0 

pr. 


22 

22 
0 
0 
0 


0 
0 
2 
0 


2 
0 
0 
0 


146 

15 

6 

124 

3 


23 

0 

20 

8 

0 


July. 


20 
10672 


n 

0 

1 

20 
1 


10 

0 

4 
0 
6 


10 


Sept 


21 
11055 


28 

4 

0 

4 

20 


0 
0 
2 
0 


XOT. 


21 
11350 


SOI 

300 

0 
1 
0 


404 

0 

400 

4 

0 
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LEOMIXSTI 

MicroscopiccU  Examinaiion  of  Water  from  Morse  Reservoir^  Leominster 

— Concluded. 

[Namber  of  organUms  per  eobio  eenUmeter.] 


199S. 


Jan. 


Mareh. 


May. 


Jnly. 


Sept 


Nov 


ANIMALS. 
IthlBopoda,  AeUnophrya,  . 


InAiBoria, 


Dlnobryon, 
DlnobryoD 
Peridinmm, 
Bynnn, 


VerxneB,  Botlfer, 


JiiteeilanMtu,  Zooglcea,  . 


Total, 


80 


61 


M 


38 


0 

0 

pr. 

9 

pr. 

see 

8 
0 

0 
0 

0 

588 

0 

1 

•"o 

^'i 

0 

0 

0 

13 


772 


N 

0 

66 

0 

0 


5{ 


161 


0 
0 
0 
0 


88 


0 
0 
6 
0 


740 


Water  Supply  of  Lexington. — Lexington  Water  Company 

The  advice  of  the  State  Board  of  Health  to  the  Lexington  Wate 
Company,  with  reference  to  an  additional  water  supply,  may  b 
found  on  page  23  of  this  volume. 


Chemical  ExamiruUion  of  Water  from  the  Covered  Gallery  of  the  Lexington 

Water  Company* 

[Parta  per  100,000.] 


§ 

• 

Appbabancs. 

i  < 

1 
AimoiaA. 

' 

NITBOOKX 

'   i 

Date  of 

Oollecti 

it' 

II 

1  < 

i  ■ 

^  1 

A8 

a 

a 

g 

• 

s 

« 

a 
IS. 

tS 

i 

a 
a 

i 

a 

1 
1 

• 

• 

1 

s 

J ' 

in  ' 

< 

1 

• 

1 

)    18*S. 

1 

1 

1 

1 

1 

1 

10278 

'Apr.  19 

,  None. 

Slight. 

0.0 

9.00 

.0000 

.0010 

.87 

.0000   .0002 

.0M7 

3.2 

.010: 

Odor,  none.—— The  aample  waa  collected  from  the  covered  gallery,  which  la  located  1,640  fe«l 
toward  the  village  from  the  neareet  of  the  original  wella. 


Microscopical  Examinaiion. 

No  organiama. 
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LOWELL.. 

Conical  Examination  of  Water  from  the  Merrimack  River  above  Lowell,  opjyosUe 

the  Intake  of  the  Lowell  Water  Works, 

[Parts  per  100,000.] 


9    1 


B 

1 
1 


Appbaeaxcs. 


s 


s 

a 

•3 
« 


o 


Ebudub  om 
Evapora- 
tion. 


o 


&9^9  Jan.  17 

10012  Feb.  14 
lOm  Mar.  14 
10261  Apr.  18 
lMC-7  May  16 
10o36  JoneSO 
1«:5  July  18 
Vfif^  Aog.22 
UM5  Septad 
11209  Oct.  17 
lUd6  Kov.21 
nasi  Dec.  19 


V.  alight. 

Dlatinct. 

Slight. 

Slight. 

Dedded. 

V.aUght. 

Slight. 

SHght. 

Slight. 

Slight. 

V.aligfat. 

V.  alight. 


Av. 


V.  slight. 
Cods. 

Cods., 

earthy. 
Cons., 

earthy. 
Cods., 

earthy. 
SUght. 

Slight. 

SUght. 

Slight. 

SUght. 

SUght. 

V.  slight. 


0.35  3.80 
0.40  I  3.46 
0.40  !  3.25 


0.43 
0.50 
0.20 
0.10 
0.18 
0.40 
0.80 
0.30 
0.45 


0.33 


2.66 
8.26 
3.00 
3.60 
3.70 
3.55 
3.25 
3.75 
3.40 


3.39 


B 
O 

2 
Sb 


S 


1.15 
1.40 
1.10 
1.05 
1.10 
0.95 
1.15 
1.45 
0.85 
1.25 
1.15 
1.60 


1.18 


AmoNU. 


Albuminoid. 

• 

• 

1 

t 

• 

% 

3 

s 

t  a 

t' 

o 

^ 

9  C 

&c 

e- 

f^ 

X 

.0064 
.0012 
.0026 
.0004 
.0004 
.0014 
.0020 
•0010 


.0156 
.0210 


.0132 
.0106 


B 

o 


.0178.0140 
.0142  .0110 


.0102 
.0150 
.0170 
.0128 


.0042  .0156 


.0050 
.0032 
.0044 


.0026 


.0114 
.0128 
.0148 


.0088 
.0106 
.0140 
.0084 
.0138 
.0084 
.0106 
.0144 


.0140  .0120 


.0024 
.0044 

.oor>8 

.0032 
.0014 
.0044 
.0030 
.0044 
.0018 
.0030 
.0022 
.0004 


.0029 


.33 
.12 
.19 
.12 
.07 
.16 
.18 
.20 
.18 
.17 
.16 
.22 


.17 


NiTBOGKN 
AS 


s 


.0100 
.0090 
.0180 
.0050 
.0060 
.0070 
.0050 
.0030 
.0090 
.0090 
.0100 
.0100 


.0083 


.0001 
.0001 
.0000 
.0000 
.0002 
.0000 
.0002 
.0002 
.0001 
.0000 
.0000 
.0001 

.0001 


s 

a 
§ 

B 

60 
(^ 

o 


S 

B 

•2 


.4672 
.5235 
.4721 
.4526 
.5648 
.3718 
.2886 
.3397 
.4387 
.3483 
.6124 
.5548 


.4437 


1.2 
1.8 
0.9 
0.8 
0.8 

1.1 
0.9 
1.1 
1.3 
1.3 
1.1 
1.3 


1.1 


IroQ,  .0133.    Odor  generally  distinctly  mouldy  or  muaty,  and  frequently  also  vegetable. The 

ttm^es  vere  collected  from  the  river  about  one  foot  beneath  the  surface. 

For  a  summary  of  analyses  of  previous  years  see  **  Merrimack  River"  in  the  chapter  on  Ezamina- 
tioD  of  JEUvera,  in  a  subsequent  portion  of  this  report. 


Microscopical  Examination  of  Water  from  the  Merrimack  River  above  Lowell, 

opposite  the  Intake  of  the  Lowell  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1898. 

1 

1  Jan. 

1 

Feb. 

Mar. 

Apr. 

May. 

June. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Day  of  eiaminatlon. 

20 

16 

16 

19 

18 

22 

20 

23 

20 

19 

23 

20 

!kTiBber  of  nunple, . 

0988 

10012 

10116 

10261 

10407 

10636   10675 

10869 

11045 

11209 

11366 

11521 

PLA5TS. 

Diatomacete,    . 

84 

e 

1{ 

16 

41 

214 

944 

152 

91 

106 

18 

4 

Asterionella,     . 
CjdotcUa. 
FrmiUria. 

Melosirs,    .       .        . 
Kavieola,  .       . 
Ptamularia, 

iSelulria/ 

1 
0 
0 
3 
*    1 
0 
9 
SO 

0 
0 
0 
0 
0 
0 

1 
1 

1 
0 
2 

4 
1 
0 
4 
0 

0 

4 
3 

1 
4 

4 

5 
0 
7 
22 
0 
0 
7 
0 

0 
0 
0 
0 
1 
0 
200 
18 
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LYNN. 

Water  Supply  of  Lynn. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Lynn,  with 
reference  to  increasing  its  water  supply  by  taking  water  from  the 
SaugQS  River  and  its  tributaries,  may  be  found  on  pages  25-28  of 
this  report. 


Chemical  Examination  of  Water  from  Breed's  Fond,  Lynn, 

[ParU  per  100,000.] 
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Averages  of  Analyses  of  Previous  Tears. 
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*  Jane  to  December. 

"Svn  to  anaJyeea  of  1893 ;  Iron,  .0228.    Odor,  vegeUble  and  occasionally  also  mouldy  and  unpleasant 

wgrsssy. The  aamplea  were  eoUeeted  from  the  pond  near  the  gate-honse  about  one  foot  beneath 

thinrfMe. 


Microscopical  Examination  of  Water  from  Breed's  Pond,  Lynn. 

[Xamber  of  orgaDlimi  per  cnblc  canllmetfli.] 
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Chemical  Examination  of  Water  from  Birch  Pond^  Lynn. 

[Parts  per  100,000.] 
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Averages  of  Analyses  of  Previous  Years. 
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*  Jane  to  December. 

KoTB  to aoaljrees  of  1808;  Iron,  .0258.  Odor,  generaUy  yegetable,  frequently  unpleasant;  on  heat- 
iBftkcodor  Is  etrooger  and  frequently  also  grassy.— —The  samples  were  collected  from  the  reservoir 
asar  the  gste-booae,  one  foot  beneath  the  sorfaoe. 
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Chemical  Examination  of  Water  from  Walden  Pond, 

[ParU  per  100,000.] 
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*  Where  more  than  one  sample  was  collected  in  a  month  the  mean  analysis  for  that  month  has  t 
used  in  making  the  average  given  at  the  bottom  of  the  table. 

Not*  to  analyses  of  1898;  Iron,  .0234.    Odor,  distinctly  vegetable  and  generally  also  unpleasant ; 

heating,  the  odor  is  somewhat  stronger. The  samples  were  collected  from  the  pond  near  the  g 

bonse,  one  foot  beneath  the  surface. 
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Microscopical  Exaininaiion  of  Water  from  Walden  Pond,  Lynn. 

[Number  of  organisms  per  cubic  centimeter.] 
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0 

0 
0 

2 

1 

0 
0 

0 
1 

0 

0 

^'6 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

0 

0 

Crustacea,  Cyclops, 

.08 

0 

.04 

0 

0 

0 

0 

.03 

0 

0 

0 

0 

0 

0 

1 

MUcellaneoitt,  Zo8gl<ea, 

0 

0 

1 

0 

0 

0 

880 

34 

112 

44 

15 

46 

166 

82 

0 

Total, 

1,119 

• 

14 

10 

8 

1,100 

328 

313 

650 

680 

443 

883 

273 

43 

*  Bursarla  extremely  abundant. 
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LYNN. 

Chemical  Examination  of  Water  from  Olen  Lewis  Pond,  Lynn. 
[Ptna  p»(  100,000.] 


Average*  of  Analyses  of  Previous  1 

ears. 

-       IM 

-        0  78 

-  !o:.3 

3.M 

!.14  |.0112'.O7W.03M 

1     1 

1'' 

.0124  .0001      - 
.0040  .0002  1.0048 

1.0 
0.6 

Son  10  uuljH  of  IBtS;  Iron,  .am.    Odor,  |«Den]ly  dliUDciIj'  legabible  Hod  (reqaenlly  DDpUw- 
1.  «lMtUi(,  lb*  odort*  mneh  nroDger  and  li  Kmetlmei  very  dlugreekble. Tha  Hmplta  vets 


No,  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


liY: 


Table  showing  Depth  of  Water  in  Feel  in  the  Ponds  and  Storage  Reservoirs 
the  Lynn  Water  Works  on  the  Dates  when  Samples  of  Water  were  colle 
for  Analysis  during  the  Tear  1893. 


Breed's  Pond. 

Birch  Pond. 

Walden  Pond. 

Olen  Lewie  F 

HtRh  Water, 
•31  JO  Feet. 

High  Water, 
•21  JO  Feet. 

High  Water, 
17.00  FeeU 

High  Wate 
17.00  Feet 

e 

Jan.  10. 

11.06 

7.54 

14.50 

8.54 

F«b.   9, 

12.78 

8.00 

12.83 

6.87 

Mar.   7, 

15.  IS 

9.67 

12.88 

6.40 

April  6, 

ao.25 

17.08 

14.50 

10.67 

May    8, 

21.76 

22.50 

16.17 

15.17 

June  6t 

21.06 

22.58 

16.88 

17.88 

Jaly    5 

10.88 

19.71 

16.67 

17.26 

Aug.  8 

17.75 

15.58 

16.25 

17.25 

Sept.  6 

16.71 

11.88 

16.00 

17.18 

Oct.    4, 

14.50 

8.92 

16.58 

17.00 

Nov.   7, 

10.50 

7.00 

15.50 

17.08 

Dee.  6, 

10.67 

5.67 

16.92 

11.18 

*  The  water  in  theae  pondi  is  aometimea  rataed  aomewhat  above  ordinary  high  water  in  the  latt 
part  of  the  apring  in  order  to  increaae  the  atorage. 


Water  Supply  of  Malden,  Medford  and  Melrose. 

On  Feb.  9,  1893,  when  Spot  Pond  had  reached  a  much  lowe 
level  than  ever  before,  the  State  Board  of  Health  addressed 
commaDicatioQ  to  the  Water  Boards  of  Maiden,  Medford  ani 
Melrose,  urging  the  necessity  of  taking  immediate  measures  fo 
increasing  the  amount  of  water  in  the  pond,  and  giving  estimate 
of  the  probable  condition  of  the  pond  on  Jan.  1,  1894,  unde: 
minimam,  average  and  maximum  conditions  of  rainfall  during  th( 
remaining  eleven  months  of  the  year. 

The  estimates  of  the  amount  of  water  which  would  enter  the 
pond  were  based  upon  the  yield  per  square  mile  of  watershed,  a& 
deduced  from  measurements  of  the  flow  from  the  Sudbury  Bivei 
watershed  during  the  past  eighteen  years,  and  the  influence  of  the 
evaporation  from  the  surface  of  the  pond  was  also  included.  The 
draft  from  th#  pond  was  reckoned  at  600,000  gallons  per  day  for 
each  community,  which  was  about  the  rate  at  which  water  was 
being  drawn  from  the  pond  a  few  months  before.  It  was  urged, 
however,   in  the   communication,   that  this   draft  from  the   pond 
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should  be  reduced  by  taking  as  much  water  as  possible  from  sup- 
plementary sources. 

It  is  gratifying  to  note  that  at  the  end  of  the  year  the  quantity 
drawn  from  the  pond  was  119,000,000  gallons  (equivalent  to  a  depth 
of  about  2.5  feet  on  the  pond)  less  than  it  would  have  been  if  each 
of  the  three  communities  had  continued  to  draw  at  the  rate  of  600,- 
000  gallons  per  day ;  the  diminished  draft  being  due  in  part  to  a 
restriction  of  use  and  waste,  but  still  more  to  the  amount  of  water 
supplied  from  supplementary  sources  throughout  the  whole  year  at 
Maiden,  and  during  the  latter  part  of  the  year  at  Medford  and 
Melrose. 

The  yield  of  the  Sudbury  River  watershed  during  the  eleven 
months  from  Feb.  1,  1893,  to  the  end  of  the  year  was  very  nearly 
the  same  as  the  average  for  those  months  during  the  preceding 
eighteen  years,  and  with  average  conditions  the  prediction  contained 
in  the  communication  indicated  that  the  quantity  of  water  in  the 
pond  would  be  increased  46,000,000  gallons  on  Jan,  1,  1894,  upon 
the  assumption  that  600,000  gallons  per  day  would  be  drawn 
by  each  community.  To  this  quantity  should  be  added  the  119,- 
000,000  gallons  due  to  the  smaller  draft  from  the  pond,  making 
165,000,000  gallons  as  the  increased  amount  that  should  be  in  the 
pond  on  this  date,  according  to  the  prediction. 

By  consulting  the  records  of  the  height  of  the  pond,  it  was  found 
that  it  contained  184,000,000  gallons  more  on  Jan.  1,  1894,  than 
on  Feb.  1,  1893,  which  showed  a  difference  between  the  predicted 
yield  in  an  average  year  and  the  actual Jyield  of  only  19,000,000 
gallons ;  by  taking  into  account  the  slight  variation  in  the  yield  of 
the  Sudbury  River  during  these  eleven  months  from  the  yield  during 
the  same  months  in  an  average  year  a  still  closer  agreement  was 
found.  This  is  a  further  confirmation  of  what  has  already  been 
well  established,  namely,  that  the  capacity  of  this  source  may  prop- 
erly be  reckoned  upon  the  basis  of  thejsize  of  its  watershed,  assum- 
ing that  the  flow  from  each  square  mile  is  the  same  as  from  the 
watershed  of  Sudbury  River. 
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MAUDEN,  MILDFOBD  AJSny  MELROSE. 

CkemiccU  ExamincUion  of  Water  from  Spot  Pond,  Stoneham. 

[Parti  per  100,000.] 


E 
a 
Z 


s 
o 


o 
o 


APPBABJLKCB. 


o 

O 

S 

CI 
CO 


5 

o 


I  ma. 

mi  Feb.  7' 
lft«3'MAr.  6, 
10214  Apr.  4 
10^4  3by   2 
VU::  Jane  5 
IMU  July  5 ' 
10742  Ang.  7 
10572  Sept.  5  ^ 
1114S0€t.    4. 
114SH  Dec.  5 ' 


Slight, 

clayey. 
DUtinct. 

DistiDct. 

DiBtlnct. 

Slight. 

Distinct. 

D«etded, 
greeo. 

Decided, 
green. 

Distinct, 
green. 

Slight. 

Blight. 


At. 


Slight. 
Slight. 
V.  Blight. 
Oons. 
Slight. 

Slight, 

brown. 
Slight, 

yellow. 
Cons. 

Slight. 

brown. 
Cons., 

dark. 
SUght. 

dark. 


0.10 
0.48 
0.70 
0.35 
0.38 
0.35 
0.15 
0.15| 
0.18 
0.18 
0.13 


0.29 


KKaiDCB  ox 

EVAPOKA- 
TIOK. 


o 


4.90 
4.50 
7.05 
6.45 
5.80 
5.05 
6.85 
6.75 
6.00 
6.20 
6.15 


5.70 


c 
o 

§1 


5 


1.40 
1.35 
2.05 
1.35 
1.65 
1.95 
1.85 
1.70 
1.90 
2.20 
1.40 


1.71 


AXMOKIA. 


Albuminoid. 


5 

o 


•  ? 

s  ex 


.0114 
.0210 
.0210 


.0178 
.0142 
.0188 


.0140  .0176 
.0072.0186 
.0052<  .0232 


.0000 
.0000 
.0012 
.0076 
.0048 


.0192 
.0228 
.0278 
.0214 
.0158 


.0085  .0197 


.0162 
.0126 
.0164 
.0152 
.0150 
.0180 
.0134 
.0158 
.0212 
.0198 
.0150 


.0162 


.0016 
.0016 
.0024 
.0024 
.0036 
.0052 
.0058 
.0070 
.0066 
.0016 
.0008 


« 
c 
-c 

o 

6 


.0035 


.52 
.36 
.58 
.46 
.44 
.49 
.50 
.49 
.54 
.52 
.51 


NiTROOKN 
A8 


.49 


.0150 
.0100 
.0200 
.0300 
.0150 
.0100 
.0000 
.0030 
.0000 
.0030 
.0100 


•o 

I 

S 

e 
c 

0* 
S 
u 
>. 

M 

o 


S 

e 


.000111.2820 

|i 
.0005i  1.2044 


.0002. 
.0010, 


h 


.5688 
.3504 


.0006,  .3321 


.0105 


.0003, 
.0000 


.5025 
.3796 


.0000, .3084 


.0000 
.0002 
.0000 


.0003 


.4240 
.3234 
.2145 


2.6 
1.9 
3.0 
2.5 
2.2 
1.0 
2.8 
3.6 
2.2 
2.3 
2.2 


.3186  2.4 


Averages  of  Analyses  of  Previous  Tears. 


1887* 
1888 

1889 

im> 

1891 
1992 
1893 


0.25 
0.22 
0.26 
0.24 
0.21 
0.17 
0.29 


4.88 

3.98 
3.64 
3.96 
3.70 
4.28 
5.70 


1.24 

.0004 

.0207 

- 

- 

.46 

1 

1.24 

.0007 

.0225 

- 

- 

1 
.44 

1.17 

.0017 

.0236 

.0198 

.0038 

.44 

1.24 

.0019 

.0220 

.0180 

.0040 

.42 

1.27 

.0008 

.0183 

.0161 

.0022 

.43 

1.80 

.0036 

.0198 

.0157 

.0041 

.50 

1.71 

.0085 

.0197 

.0162 

.0035 

.49 

.0025 

.0064.0001 

I 

.0053.0002 
.0069' .0001 

.0082  .0001 

t      . 
.0081  .0001 

.0105  .0003 


I      « 


.3486 


1.7 
1.4 
1.7 
2.4 


*  May  to  December. 

IStfn  to  aoalytea  of  180S ;  Iron,  .0260.  Odor,  faintly  vegetable  and  occasionally  unpleasant ;  on  heat- 
inc.  the  odor  is  generally  stronger;  In  July  it  was  oily,  in  August  and  September,  fishy,  and  in  other 

c«atht  frequently  grassy  or  mouldy. The  eamples  were  collected  either  from  a  faucet  in  the  pump* 

bff  Katlon  of  the  Maiden  Water  Works  or  from  the  pond  near  by. 

The  averagee  of  analyses  for  the  yean  1892  and  1893  when  compared  with  the  averages  of  previous 
r«ftn  iodieate  a  change  in  the  character  of  the  water,  which  is  doubtless  due  to  the  fact  that  during  these 
t^s  years  the  surface  of  the  water  in  the  pond  remained  very  much  below  high  water  mark. 
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MALDITNT,  MEDFOBD  ANB  MELBOSE. 

Microscopical  Examination  of  Water  from  Spot  Pond,  Stoneham, 

[Number  of  organUmi  per  cubic  centimeter.] 


189S. 


Jan. 


Feb. 


Mar. 


Apr. 


May. 


June. ;  ZvlXj.  '  Ang. '  Sept  |  Oct     Dec. 


Day  of  examination, . 
Kumber  of  sample,    . 


6 
0860 


9 
9982 


8 
10083 


8 


10214 '  10364 


6 
10477 


8 
10611 


0  '        8 

10742 1 10972 

I  I 


7  !      8 
11148  1146S 


PLANTS. 
Diatomaceee, 


ABterionella, 

Cyelotella, 

Fragilaria, 

Melofllra, 

Synedra, 

Tabellarla, 


CyanophycesB,  Aombnna, 


Alfir89> 


Chlorocoocne, 
CloBterium, . 
Protococcue, 
Baphldlnm,  . 
Staarastmm, 


62 

3 

1 

3 

0 

0 

3 

0 

0 

0 

0 

0 

2 

0 

0 

0 

1 

pr. 

64 

2 

1 

0 

0 

0 

2,059 

0 

0 

0 

0 

0 

0 

0 

0 

2,066 

0 

0 

0 

0 

0 

3 

0 

0 

ts 

1 

6 

2 

6 

10 

4 


416 

9 

1 

10 

192 

60 

164 


0 
0 
0 
0 
0 


481 

0 
0 
480 
0 
1 


792 

812 

815 

0 

0 

0 

640 

140 

40 

0 

0 

0 

40 

S2 

80 

0 

86 

172 

112 

104 

64 

10 

182 

208 

247 

6 

28 

0 

0 

0 

0 

0 

1 

244 

0 

6 

0 

0 

7 

3 

6 

9 

106 

0 
28 

0 
71 

3 

4 


15 


161      l\ 


0' 

0  I 
130 

8 
20 


13 
6 
0 
0 
0 

0 


80 

fl, 

0 

s! 

20 

0 

0 

0 

0 

0 

10 

pr. 

1 

0 
0 
0 
0 
0 


ANIMALS. 
Bhlzopoda,  AcUnophrys,   . 


Infusoria,     . 

Dinobryon,  . 
Dinobryon  eaaee, 
Perldininm, . 
Synura, 
Tracbelomonaa,  . 


•       • 


•       ■ 


3 

0 

0 

0 

0 

0 

0 

1 

0 

0' 

4 

pr. 

1 

68 

67 

It 

4 

77 

71 

r 

20 

0 

0 

0 

0 

2 

3 

0 

0 

0 

0 

0 

0 

0 

0 

64 

6 

0 

0 

64 

20  ■ 

4 

pr. 

0 

0 

0 

0 

4 

76 

6 

0 

0 

0 

0 

60 

0 

0 

0 

0 

0 

0 

0 

0 

1 

8 

1 

4 

0 

1 

1 

pr. 

1 

13 


0 
0 

1 

0 
0 


JifltcellaneoMt  ZoiSglosa,  . 


102  I      78 


140 


26 


19 


244 


420 


56 


56       40 


Total, 


2,130  I    106 


80 


286 


990 


1,080 


698 


1,044 


278  I    246 


75 


Table  showing  Heights  of  Water  in  Spot  Pond  on  the  Dates  when  Samples  of 

Water  were  collected  jor  Analysis, 


DATS. 


Distance 

below  High 

Water  Mark 


Jan.  3, 
Feb.  8, 
Mar.  6, 
April  4, 
May  2, 
June  6, 


189S. 


Feet. 
10.81 

11.42 

10.71 

6.81 

6.66 

3.67 


Datb. 


Distance 
belnw  II '(h 
Water  Mark. 


July  6, 
Aug.  7, 
Sept.  6, 
Oct.  4, 
Dee.   6, 


180S. 


Feet 
4.56 


5.87 
6. 75 

8.04 
8.75 
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Water  Supply  of  Malden. 

Chemical  ExamincUion  of  WcUer  from  Tubular  WelU  at  Webster  P 

Meadows),  Maiden, 

[Parts  per  100,000.] 


stloo. 

Appsajuxcb. 

1 

• 

1 

si 

▲mcoxiA. 

1 

1 

NiTBOOKK 
▲8 

1 

s 

a 

Turbidity. 

1 

1 

1 

■  ■■ 
Alba- 
mlnoid. 

1 

s 

c 

9649 

IMS. 

Jan.     3 

None. 

V.  slight. 

0.0 

1 

22.35  ' 

.0000 

.0018 

1 

2.20 

.4760 

.0000 

.c 

0963 

Feb.     7 

None. 

None. 

0.0 

23.90 

.0000 

.0016 

2.52 

.5000 

.0000 

.0 

1C0&4 

Mar.    6 

None. 

None. 

0.0 

24.70  1 

.0000 

.0002 

2.68 

.4500 

.0000 

.0 

10216 

Apr.    4 

None. 

None. 

0.0 

25.55 

.0000 

.0012 

;  2.40 

.4800 

.0001 

.0 

10655 

May     2 

None. 

None. 

0.0 

24.50 

.0002 

1 

.0082 

2.35 

.5000 

.0001 

!.o 

10478 

Jane    5 

None. 

None. 

0.0 

24.00 

.0000 

.0002  1    2.83  ' 

1             1 

.4750 

.0000 

.a 

10612 

Jnly    5 

None. 

None. 

0.0 

25.20 

.0000 

.0006 

i  2.62 

.6000 

.0000 

.o; 

10748 

Ang.    7 

None. 

None. 

0.0 

23.00  ' 

.0000 

.0016 

1  2.56 

1 

.5000 

.0000 

.(H 

10973 

Sept.    5 '.None. 

None. 

0.0 

22.70 

.0010 

.0000 

1  2.38 

.5000 

.0001 

.OS 

11140 

Oct.      4 

None. 

None. 

0.0 

22.60 

.0000 

.0002 

1  2.37 

.6000 

.0000 

.oc 

11459 

Dee.    5 

None. 

Slight. 

0.0 
0.0 

1 

21.80 

.0000 

.0018 

1  2.45 

1 
2.48 

I 

.4260 

.0000 

.01 

At. 

1 

28.72 

P 

1 

.0001 

.0011, 

1 

.4823 

.0000 

1 

.01 

Averages  of  Analyses  of  Previous  Tears, 


1887* 

1888 

1880t 

1800 

1801 

1802 

1898 


- 

0.0 

17.08 

- 

0.0 

17.45 

- 

0.0 

1  16.95 

- 

0.0 

18.19 

- 

0.0 

1  20.83 

- 

0.0 

,  23.00 

- 

0.0 

'  28.72 

1             ' 

.0000 
.0000 
.0001 
.0002 
.0001 


.0001 


.0008  I  2.20 
.0008  li  2.80 


.0031 
.0014 
.0007 


.0000  .0005 


1.75 
2.30 
2.23 
2.36 


.0011  I  2.48 


.4060 
.5061 
.6500 
.4904 
.5146 
.5129 
.4823 


.0001 
.0001 
.0001 
.0000 
.0000 


.018* 


*  Three  samples  In  NoTsmber  and  December. 


t  Jnne  and  Oetober. 


Nan  to  analyses  of  1893;  Odor,  none. The  samples  were  collected  from  a  faucet  1 1 

hkg  Bti^lon,  while  pnmplng,  with  the  exception  of  No.  10612,  which  was  collected  fros 
fonnuin. 
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MABBLEHBAD. 


Water  Supply  of  Marblehead. 


The  works  from  which  the  water  supply  of  Marblehead  is  drawn 
were  enlarged  in  1892  by  the  addition  of  a  group  of  five  tubular 
wells  situated  about  800  feet  south-east  of  the  pumping  station. 
The  depth  of  the  wells  varies  from  25  to  53  feet.  From  April  until 
November,  1893,  water  from  these  wells  was  pumped,  by  means  of 
an  auxiliary  pump,  into  the  large  collecting  well  near  the  pumping 
station.  In  1893  a  further  addition  to  the  works  for  obtaining  a 
supply  of  ground  water  was  made  by  the  construction  of  a  small 
collecting  well  about  eight  feet  in  depth,  near  a  small  pond,  and  a 
short  distance  from  the  tubular  wells  just  described.  This  well  was 
completed  about  Nov.  1,  1893,  and  has  been  connected  with  the 
large  collecting  well  by  a  siphon. 

The  driven-well  system  in  the  marsh  near  Loring  Avenue  has 
been  reconstructed,  and  during  1893  water  has  been  drawn,  when 
necessary,  from  39  tubular  wells  in  this  vicinity.  The  water  of 
these  wells  is  aflfected  by  their  proximity  to  the  sea,  and  the  large 
amount  of  chlorine  present  at  times  in  the  water  supplied  to  the 
town  is  due  chiefly  to  the  use  of  water  from  this  source. 

The  large  collecting  well  constructed  in  1890  continues  to  be  the 
chief  source  of  supply,  and  at  times  furnishes  all  of  the  water  used 
by  the  town. 


Chemical  ExamincUion  of  WcUer/rom  the  Large  Collecting  Well  oj  the  Marblehead 

Water  Works, 

[ParU  per  100,000.] 


Date  of 

Collection. 

• 

APPBAKAKCK.                 {            o 

AXXOKIA. 

1 
1 

2.41 

1 
2.93 

3.00  , 

IHITBOOBN 
AS 

B 

• 

S 

c 

•s 

« 

s 

u 

s 

a 

3 

6 

1 

S 

B 

Color. 

Keaidue  on 
Evapori 

i 

Albu- 
minoid. 

1                a 

-1              B 

•     '       1 

1  '  1 

as    1    o 

• 

i 

11091 
11165 
11470 

I8»S.    ; 

Sept.  25 ' 

Oct.    10 
Deo.   10, 

1 

Distinct. 

Distinct, 

milky. 

Disrinct, 

'       milky. 

Slight. 

None. 

None. 

1 
0.10;,  15.40 
0.10  '  15.80 
0.10  i    16.10 

1 

.0030 
.0004 
.0014 

.0004 
.0012 
.0010 

.0700 
.0680 
.1000 

1 
.0001, 
.0001 

.0010: 

.0697 
.0260 
.0360 

8.0 
7.7 
8.9 

.1200 
.0150 
.0400 

At. 

1 
1 

0.10     15.77      -OOM 

.0009 

1 
1  S.78 

.0793 

.0004 

.0442 

8.2   -oasA 

1 
1 ' 

1 

( 

1 

Odor,  none. The  samples  were  collected  either  directly  from  the  well  or  from  a  fancet  at  the 

pumping  atation  while  pnmping  from  the  well. 

All  of  the  weters  in  this  and  the  two  following  tables  contain  iron  in  considerable  amount,  which 
oxidlzea  on  exposure  to  the  air,  making  the  water  somewhat  turbid  and  colored. 


Microscopical  Examination. 


No.  11091.    Mlacellaneons,  Amorphoua  mcUter,  200. 
No.  11165.    Miacellaneons,  Zooglaa,  17. 
No.  11470.    No  organisms. 
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MABBIiBHEAD. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Marblehead  Water  Works* 

[ParU  per  100,000.] 


Btlon. 

Appbabakcs. 

itlon. 

AXMOVIA. 

NiTaOOBN    ' 
A8             , 

1 

i 

s 

9 

2 

a      1 

1 

B 

1 

1 

• 

g   1 

§1 

1   ' 

! 

2T.M  i 

1 

I 

1 

p 
< 

« 

.2 
8 

1 

i  \ 

M 

o 

• 

• 

1 

S 

• 

1 

9872 

I"  ■  -  ■    —  - 

IMS.   !' 
Jaa.   12'  None. 

Slight. 

0.00  1 

.0090 

.0010 

8.09 

1 

.0800 

.0000 

» 

12.4 

.0160 

9092  '  Feb.     8  '  DiatlDct, 
1      clayey. 
10108    Mar.  18  .,  Non«. 

Slight. 
V.  alight. 

0.08  1   47.70  , 

1 
0.02  li  20.70  1 

.0010 
.0000 

.0024 
.0000 

17.00 
9.70 

'.0750 
'.0650 

.0000 
.0001 

.0865 
.0677 

19.6 
13.6 

.0290 
.0100 

10246  iApr.  12  i  V. alight, 
t      clayey. 
10375    May  10    None. 

V.  alight. 

NODC. 

0.031 
I 
0.00 

16.20  , 
16.00  ' 

.0028 
.0000 

.0020 
.0012  1 

2.82 
3.04 

.1000 
1.1000 

.0000 
.0001  > 

.0255 
.0292 

2.8 
7.1 

.0030 
.0060 

10406   Jane    s'  V.  alight.  None. 

0.04 

15.50 

.0000    .0006  ' 

2.06  1  .0650 

.0000 

.0000 

6.7  .0120 

10615    Jaly     7  ,!  Slight,       Slight. 

0.02 

1  13.90  ' 

.0008    .0004 

1.98'  .0660 

.0000  i 

.0146 

6.9  .0100 

10790 
10998 
11344 

Aug.  14 1 

Sept.  11 1 
Nov.  16  1 

clayey. 
Slight, 

clayey. 
Dlatinct, 

clayey. 
Slight. 

V.  alight. 
V.  flight. 
V.  flight. 

1 
0.01 

1 

0.10 
0.00 

0.03 

1 

1  28.00  ' 
1 
16.80 

16.60 

.0000 
.0002 
.0000 

.0004  ' 

.0014 

.0006 

5.14 
2.19 
3.12 

1 
.0400 

.0700 

1.1400 

1 

.0000   1 
.0000   ' 
.0000    , 

.0000  1 

.0181 
.0000 
.0747 

.0285 

8.4  .0000 
7.4  .0150 

1 

9.0  .0120 

Av. 

1! 

1  22.24   < 

I 

.0007 

.0010 

5.57 

,.0790 

9.4  .0115 

r 

.      .. 

1 

Odor,  nose;  oceaaionally  an  earthy  odor  is  developed  on  heating. The  eamplea  were  collected 

from  a  faocet  in  the  town,  and  repreaent  a  Dalxtnre  of  water  drawn  from  the  varioaa  sourcet  of  fopply. 

Microscopical  Examinaiimi, 

A  very  few  ZoSglaa  were  found  In  March,  April  and  May.  In  the  remaining  months  the  water 
coniaincd  no  organiama. 

Water  Supply  of  Marlborough. 

At  the  beginning  of  1893,  the  new  works  to  furnish  an  additional 
supply  of  water  for  the  city  of  Marlborough  from  Millham  Brook 
were  nearly  completed,  and  they  were  finished  in  season  to  permit 
the  pumping  of  38,000,000  gallons  of  water  (nearly  a  quarter  of 
the  total  amount  consumed  by  the  city  in  1892)  during  the  spring, 
when  the  flow  in  the  brook  was  large.  Of  this  amount  20,000,000 
gallons  were  pumped  directly  into  the  distributing  reservoir  and  the 
remainder  into  Lake  Williams,  which,  at  the  beginning  of  the  year, 
was  at  a  much  lower  level  than  ever  before.  During  the  month  of 
April  the  city  was  supplied  wholly  with  water  from  Millham  Brook, 

The  additional  water  works  at  present  consist  of  a  very  small 
reservoir  on  Millham  Brook,  a  pumping  station  near  the  reservoir, 
and  a  force  main  from  which  water  can  be  discharged  either  into 
Lake  Williams  or,  by  means  of  a  connection  with  the  original  force 
main,  into  the  distributing  reservoir. 
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Microscopical  Examination  of  Water  from  Lake  Williams^  Marlbt 

[Number  of  organisms  per  cubic  centimeter.] 


Day  of  eiamlnatlon, 
Namber  of  sample, . 


180S. 


September. 


PLANTS. 


Diatomaceee, 

Asterlonella, 
Fragilaria, . 
Tabellaria, 


Cyanophyceee,  CceloephsBrlum, 
Alg8B, 


ChlorococcQB, 

Protoooccus, 

Zo<tepores, 


0 
0 
2 

0 
85 

8 

0 

27 


55 

3 

6 

46 

8 
124 

0 
124 
pr. 


8 

6 
0 
2 

0 
0 

0 
0 
0 


ANIMALS. 


Infusoria, 


Ceratlam,  . 
Perldinlum, 
Trachelomonaa, 
Vortlcella, 


VermeB,  Anurea, 


MUcellaneotUt  Zo^gloea, 


Total, 


0 
0 
0 
0 


0 
1 
0 
3 


84 


18 


71 


204 


1 

1 
1 
0 


40 


62 


Chemical  JExamination  of  Water  from  Millham  Brook,  Marlboroui 

[Parts  per  100,000.] 


■ 

e 
-o 

9* 

Kbsiduk  on 
Apfbarakcb.               EvAPoaA- 

],          TION. 

Ammomia. 

1 
1 

■ 

1 

o 

s 

! 

.30 
.86 

MiTROOBN 
AS 

• 

1 

§ 

CO 

1, 

• 

!l 

i 

Albuminoid. 

1 

i 

a 

3 

as 

m 

1 

• 

a 

m 

1 

4* 

>■ 

1 

V 
•  1 ' 

SS.| 

30         ' 

• 

•c 

^  1 

10192 
11536 

19»S. 

Mar.  29 

Dee.  20 

V.  slight. 
None. 

Blight.      0.46 

t 
V.sligfat.  0.00 

3.46 
6.16 

0.06 
2.26 

J 

1 
.0010 

.0006 

.0146 
.0178 

.0118 
.0164 

.0028 
.0024 

1         l' 

1 

.0120  .0000 1 

1      1 

.0800.0000 

Iron,  .0078.    Odor,  faintly  vegetable. The  samples  were  collected  from  Millham  Bro4 

point  from  which  water  Is  drawn  for  the  eapply  of  Marlborough. 

Microscopical  Examination. 

No.  10192.    Miscellaneous,  Zooglaa,  36. 

No.  11536.    Dtatomace«,  Meridion,  2;  Synedra,  6;  Miscellaneons,  Zodfflaa,  6.    Total,  12. 
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MATNARD. 


Water  Supply  of  Maynard. 


Chemical  Examination  of  Water  from  the  Maynard  Water  Works, 

[Parte  per  100»000.] 


Onto  of  Collection. 

*           Appbabakcb. 

1 

Rksiddic  ok 

EVAPOBA- 
TIO». 

AUXOVIA. 

8         Chlorine. 

NiTIOGBy 
AS 

B 

3 

Turbidity. 

1 
1 

■ 

6 

• 

• 

Albuminoid. 

i 
s 

• 

1 

s 

• 

• 

Lots  on 
Ignltlo 

• 

1 

1 
1 

• 

"S 

■a 
•I 

&  1 

Si 

10033 

18118. 

Feb.  17 

V.  slight. 

Slight. 

0.05 

2.55 

1.16 

1 

.0000 

.0040 

.0030 

.0010 

.0000 

.0000, 

1          1 
.1297  0.& 

10420 

/■ 

B£ayl8 

SUght. 

Blight. 

0.01 

2.15 

0.00  1 

.0000  .0146 

.0126 

.0020 

.23 

1 

.0000 

.0000 

.0M9  0.3 

108M 

Aug.  21 1 

Slight. 

Slight. 

0.00 

2.80 

1.00 

.0000.0104 

.0068 

.0036 

.24 

.0000 

.0000 

.1560  0.0 

11868 

Nov.  22 

V.  slight. 

Slight. 

0.00 
0.02 

1.70 

0.50 

.0004  -0182 
.0001  .0106 

.0096 
.0080 

.0036 

.25 

1 

.0000 
.0000 

.0000 
.0000 

.1554  0.5 

Ar  . 

!  2.18 

1 

0.89 

1 

1                1 

.0026  .25  1 

.1345  0.4 

1 

* 

. 

Iron,  .0038.    Odor  of  tho  first  sample,  faintly  earthy;  of  the  second,  distinctly  vegetable  and  qd* 
pleasant;  of  the  remaining  samples,  none.    On  heating,  a  faintly  vegetable  odor  was  noticeable  In  the 

second  and  third  samples. The  first  sample  was  collected  from  a  faucet  in  the  town,  the  remalDlDg 

samples  directly  from  the  pond.  The  difference  between  the  analysis  of  the  sample  collected  In  tbe 
village  and  those  from  the  pond  indicates  that  a  large  amount  of  ground  water  finds  Ite  way  Into  tbe 
pipe  leading  from  the  pond  to  the  pumping  station. 


Microscopical  Examination  of  Water  from  the  Maynard  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1898. 


February. 


May. 


Day  of  examination, 
Number  of  sample, . 

PLANTS. 

DiatomsceaB.    . 

Asterionella, 

Cydotella, 

Diatoma,    .... 

Navicula,   .... 

Synedra,    .... 

Tabellaria, 

Oyanophyceee, 

Clathrocystls,    .       . 
Microcystis, 

Aigr». 

Conferva,  .... 
Protococcns, 
Raphidium, 
Bcenedesmus,    . 


21 
10038 


19 
10420 


re 

42 
pr. 

1 

18 
10 


0 
0 


0 
0 
0 
0 


5oe 

8 

20 

0 

0 

84 

440 


4 
0 


8 

2 

0 
0 

1 


August. 


22 
10866 


48 

0 
6 
4 
2 
9 
28 


44 

0 
44 


0 
0 

4 
0 


November. 


23 
11868 


IN 

106 
0 
0 

42 

8 


0 

I 

10 

0 
i 

2 
1 
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MAYN. 

Microscopical  Examination  of  Water  from  ike  Maynard  Water  Worki 

—  Concluded. 

[Namber  of  orgaDiams  p«r  cable  oeottmeter.] 


1S»S. 


Febmaiy.   [       Maj. 


August.        Nove 


ANIMALS. 
Bhizopoda,  Aetlnophrya, 

InftLsoria.    .... 

IMnobryon, 
Dinobryon  eaaea, 
Monas,        .... 
Perldinlmn, 


0 
4 

0 
0 


0 

1 

87 

8 

8 

0 

34 

0 

pr. 

1 

0 

2 

JiUeelianeout,  Zo'&glootk, 5                  21                   8 

1 

TOTAT<a 

1 
81                 668        I         108                   S 

1                      '                      1 

Medfield. 

Chemical  ExamincUion  of  Water  from  a  Spring^  Medfield. 

[ParU  per  100,000.] 


.     1 

1 

Appbahakcs. 

1     i 

1       ' 

8.00 

AVKOXIA. 

,   NinooBN 

1             A8 

1  i 

o 

• 

1 

s 

1     - 

Tarbldlty. 

Sediment. 
Oolor. 

• 

£ 

Alba- 
mlnoid. 

Chlorine. 

Nitrates. 

1 

lOMl 

1S»S. 

AprU12 

1 
Nona. 

Nona. 

1 

0.0  ' 

1 

1              ; 

.0004    .0002       .22 

!       1 

.0080 

1 

.0000 

.0003 

] 

1.1  j.i 

Odor,  nona,  becoming  very  falDtly  vegetable  on  heating. ——The  aample  waa  collected  froi 
•pring  naar  Vina  Brook  abont  a  third  of  a  mile  above  North  Street.  Thia  aprlng  la  uaed  aa  a  sov 
of  water  aiipply  by  a  large  atraw  factory,  and  by  a  portion  of  the  Tillage  of  Medfield. 


Microscopical  Examination. 


IMatonweev,  Sprudrat  1. 


Water  Supply  op  Medfield  Insane  Asylum. 

Description  of  Works.  —  This  asylum  is  a  State  institution  whit  I 
had  not  been  occupied  up  to  the  end  of  1893.  The  water  worl : 
were  completed  in  September,  1893.  The  supply  is  obtained  fro  i 
a  system  of  20  two  and  one-half  inch  tubular  wells,  located  c 
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MEDFOBD. 

two  feet.  These  are  approximately  in  two  parallel  lines  and  the 
extreme  wells  are  about  three  hundred  feet  apart  in  an  easterly  and 
westerly  direction,  and  one  hundred  and  sixty  feet  in  a  northerly 
and  southerly  direction.  As  these  wells  did  not  furnish  as  much 
water  as  was  desirable,  in  view  of  the  low  level  of  the  water  in 
Spot  Pond,  additional  works  were  constructed  early  in  1894  for 
pumping  water  from  the  unpolluted  upper  portion  of  the  brook. 

Analyses  of  water  from  various  sources  within  the  town  are  given 
below.  Further  information  regarding  the  water  supply  of  Medford 
from  Spot  Pond  maybe  found  on  pages  29-32  and  203,  and  analyses 
of  water  from  the  pond  may  be  found  on  page  205. 


Chemical  Examination  of  Water  from  Tubular  Wells  used  as  an  Additional  Source 

of  Water  Supply  for  Medford. 

[Parte  p«r  100,000.] 


Date  of 

Collection. 

Afpba&ivcb. 

« 

e 

!l 

m 

12.30 

Ammokia. 

Chlorlno. 

NiTSOOXH 
AB 

Oxygen 

Consumed. 

1 

X 

i 

a 
2 

Turbidity. 

«< 

Color. 

1 

Albo- 
minold. 

• 

• 

1 

1 

10800 

189S. 

July  19 

Nona. 

None. 

0.0 

.0004 

.0002 

.70 

.0500 

.0000 

1 
.0000 

1 
7.0  ;.0040 

10744 

Aug.    7  1 

NOD6. 

Nona. 

0.0  ' 

13.80 

.0000 

.0000 

.64 

.0700 

.0000 

.0000 

8.8 

.0040 

U838 

Nov.  16 

Nona. 

Nona. 

0.0 

18.80  1 

.0000 

.0000 

.80 

.0750 

.0000 

.0664 

8.0 

.0000 

11476 

D«e.  12  1 

Nona. 

None. 

0.0 
0.0 

18.40  ' 

1 

.0000 

.0000 

.85 

1 

.0650 
.0650 

.0000 

1 

.0886 

8.0 

.0000 

1 
AT...I 

18.90 

i 

.0001 

.0001 

.76  1 

.0000 

1 

.0250 

8.8   .0090 

1 

Odor,  none. The  utrnploe  were  ooUeotad  from  a  lanoet  at  the  temporary  pumping  atation  while 

pumping. 

Microscopical  Examinaiion. 

An  tnetgnlfioant  number  of  oi^aniams  were  found  in  the  flret  uid  third  aamplee;  in  the  othera  no 
organisma  were  found. 
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MBDFOBB. 

Chemical  Examination  of  Water  from  Wells  in  Medford^  collected  during  an 

Investigation  for  an  Additional  Water  Supply, 

[ParU  p«r  100,000.] 


itlon. 

Appbaeahcb. 

Resldne  on 
Evaporation. 

AXXOMIA. 

1 

IflTROOBK 
AS 

imed. 

• 

Date  of 

Collec 

Turbidity. 

• 

i 

• 

Albu- 
minoid. 

1 

i 
1 

Nitrates. 

■ 

J 

Oxygen 
Consu 

• 

e 

1 

1 

199S. 

0916 

Jan.   23 

None. 

None. 

0.00 

11.20 

.0000 

.0000 

.70 

.0460 

.0000 

.0073 

6.6 

.0040 

0046 

Jan.  27 

• 

- 

— 

-      1 

- 

-. 

.68 

1.1260 

- 

• 

_ 

. 

9047 

Jan.   27 

. 

— 

• 

- 

( 

- 

.06 

.0460 

. 

• 

— 

^ 

0048 

Jan.   27 

• 

.. 

. 

"      1 

- 

* 

.66 

.0460 

. 

— 

— 

. 

0040 

Jan.   27 

. 

. 

. 

1 

1           ^ 

_    1 

1 

.86 

.1200 

— 

— 

— 

. 

10266 

April  17 

V.aUght, 
clayey. 

y.  alight. 

0.06 

14.60 

.0000 

1 

.0002 

.54 

.0700 

.0000 

.0000 

8.4 

.0050 

10867 

April  17 

DlaUnct, 
clayey. 

Blight. 

0.02 

1 

12.60 

.0000 

.0002 

.71 

.0600    .0010  1 

1            1 

.0000 

6.3 

.0220 

Odor,  none. No.  0046  was  collected  from  a  tabular  well  at  a  house  on  Fulton  Street  near  Valley 

Street;  No.  0049  from  a  well  at  a  house  on  Webster  Street  near  Forest  Street;  the  remaining  aamplea 
from  tubular  teat  wells,  at  the  location  from  which  the  additional  supply  of  water  Is  drawn. 

Microscopical  Examination, 

No.  10267.    Miscellaneous,  Zodfflaa,  80.    Nos.  0016  and  10266,  no  organisms.    Nos.  9046,  0047.  0048 
and  0049,  not  examined. 


Chemicai  Examination  of  Water  from  a  Brook  near  Forest  Street,  Medford. 

[Parts  per  100,000.] 


on. 

Appbabavox. 

1 , 

t 
1 

cctl 

^^ 

o 

• 

• 

c 

5     ! 

i? 

e 

I 

•s     ■ 

s 

s 

la 

§ 

is 

t 

"5 

z 

a 

H 

* 

o 

1999. 

0914 

Jan.  23 

1 

V.  slight. 

Cons. 

0.20i 

1 

Kesidub  ov 

EVAPURA- 
TION. 


O  fee    I 

I        90  ^^       ' 


0.76 


AXIIOVIA. 

1 
1 

NiTBOGBM 
AS 

s 

Albuminoid. 

. 

m 
C 

■ 

1 

O 

• 

1 

■ 

3 

1,   1 

• 

•c 
Si 

Itrates. 
Itrites. 

1 

M 

b. 

H 

d 

« 

1 
.59 

75         25 

,    o 

.0044 

.0132 

.0118 

.0014 

.0150  .0001 

.4061 

1 

•H 


2.2 


Iron,  .0100.    Odor,  very  faintly  vegetable. The  sample  was  collected  from  the  brook  near  the 

corner  of  Blm  and  Forest  streets,  Medford.    Early  in  1894  the  town  began  pumping  water  f  ix>in  the 
brook  at  this  point. 

Microscopical  Examination, 

DiatomaoesB,  MtridUmt  1;  Navicular  1;  NitzschUit  1*    Miscellaneous,  ZooffUaa,  11.    Total,  14. 


Water  Supply  of  Melrose. 

Several  communications  of  the  State  Board  of  Health  to  the  town 
of  Melrose,  with  reference  to  taking  an  additional  water  supply  for 
the  town  from  sources  in  North  Andover,  and  from  various  sources 
within  the  town  of  Melrose,  may  be  found  on  pages  34-40  of  this 
volume. 
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MEIiROSB. 

In  Attgasty  1893,  an  additional  supply  of  water  was  introduced 
froni  a  system  of  tubular  wells,  owned  by  a  private  company,  and 
located  in  the  westerly  part  of  the  town,  near  the  boundary  line 
between  Melrose  and  Stoneham.  The  works  consist  of  a  system  of 
fifteen  two  and  one-half  inch  tubular  wells  varying  in  depth  from 
thirty-five  to  forty-five  feet,  all  located  in  the  vicinity  of  Spot  Pond 
Brook,  north  of  Wyoming  Avenue.  The  wells  are  connected  with 
a  temporary  pump,  and  water  is  pumped  directly  into  the  main  pipe 
in  Wyoming  Avenue,  which  conveys  water  from  Spot  Pond  to  the 
town. 

Analyses  of  water  from  this  source  and  from  other  sources  within 
the  town  are  given  in  the  tables  below.  Further  information  regard- 
ing the  water  supply  of  Melrose  from  Spot  Pond  may  be  found  on 
pages  29-32  and  203,  and  analyses  of  water  from  the  pond  on  page 
205. 


ChemiccU  ExamitMiian  of  Water  from  Tubular  Wells  in  the  Valley  of  Spot  Pond 
Brookf  near  Wyoming  Avenue,  used  as  an  Additional  Source  of  Water  Supply 
for  Melrose. 

[Parts  per  100,000.] 
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.0850 
.0050 
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Oder,  none. —The  first  two  samples  were  collected  from  the  discharge  pipe  of  the  pnmp  drawing 
VBter  from  the  tnhnlar  wells;  the  remaining  samples  from  a  fanoet  at  the  temporary  pumping  station 
while  pnnpinf . 

Microscopical  Examination* 

A  few  Zodgiaa  were  found  in  the  samples  collected  In  the  latter  part  of  September  and  in  October 
and  Korember.    In  the  remaining  samples  no  organisms  were  found* 
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Chemical  Examination  of  Water  from  Tubular  WeUs  in  the  vicinity  of  8^ 
Brooke  North  of  Wyoming  Avenue,  near  the  Boundary  between  Melt 
Stoneham. 

[Parte  per  100,000.] 


Date  of 

GolloeUon. 

AlTSABAHCB. 

• 

it 

1  sw 

1 

AmiONIA. 

j 

1     .70 

i     .77 

NlTKOOXN 
AS 

Oxygen 

Conenmed. 

1 

a 

tf 

• 

1 

i 

1 

• 

1 

1 

• 

i 

10018 
10086 

Feb.  13 
Feb.  20 

1  Decided. 

Diettnct, 
mUky. 

Coiia.» 

gray. 
Cods. 
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.0400 
.0180 

1 

.0014 
.0015 

.1147 
.0822 

Note,— Theea  wella  were  about  1,000  feet  north-weat  of  the  wella  from  whiob  the  aaxllia 
of  Melroae  is  drawn. 

Odor  of  the  flrat  sample,  distinctly  earthy;  of  the  laat,  none. The  aamplee  were  colle< 

the  wella  while  pumping. 

Microscopical  Examination, 

No  organlema. 


Chemical  Examination  of  Water  from  Ell  Pond,  Melrose. 

[Parta  per  100,000.] 
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Iron ,  .  0200.    Odor,  dlaUnetly  vegetable . The  sample  was  collected  from  the  pond  near  the 

This  pond  is  not  used  aa  a  aonroe  of  water  supply . 

MicroscopiccU  Examination. 

I>\aiom%cem,  AtterloneUa,U;  Oyclotellati;  Jfetortro,  454 ;  3ynedra,b.  CyanophycesB,  <7toJ 
«*,  1.  AlgsB,  ChloroooeeiUt  8;  OlotUrium,  1;  Protocoecui,  37;  Raphidixim,  3;  Scenede* 
Infusoria,  TraeAelomonat,  14;  YwrHcella,  1.    Mlseellaneoos,  ^oaHna,  .02;  Zo6glota,  100.    Tots 
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METHtJ£K« 

Chemical  Examination  of  Water  from  a  Brook  and  Tubular  Test  Wells  in  SargenVs 

Meadotv,  Methtcen, 

[Parte  per  100,000.] 
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Odor  of  the  first  two  samples,  none;  of  the  last,  faint.  — —  The  first  sample  was  collected  from  a 
brook  in  Sftrgent's  Meadow,  in  the  easterly  part  of  Methuen.  This  brook  is  a  tribatary  of  Bear  Meadow 
Brook.  The  last  two  samples  were  from  tubular  wells  in  Bargent's  Meadow;  the  Hrst  from  a  single 
well  and  the  last  from  a  gp^'oap  of  seven  two  and  one-half  inch  tabular  wells,  collected  from  the  die- 
charge  pipe  of  a  pump  after  pumping  continnonsly  for  eight  hours. 

Microscopical  Examination, 

No.  10276.    No  organisms. 

No.  10277.    Diatomace»,  MeridUmy  16;  Sjfnedrot  4.    Total,  20. 

No.  10376.    DlatomacesB,  AtUrionella,  2. 


Water  Supply  of  Middleborough  Fibe  District.  —  Middle- 
borough. 

Chemical  Examination  of  Water  from  the  Well  of  the  Middleborough  Fire  DistricL 

[ParU  per  100,000.] 
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Odor,  none.— ~ The  samples  were  collected  from  a  faucet  at  the  pumping  station  while  pumping. 

Microscopical  Examination, 

No.  10242.    DlatomaeesB,  i4«{erion«//a,  3 ;  5j/n«dra,  9.    ToUl,  12. 

No.  11013.    DiatomacesB,  Pinnularia,\\  Fungi,  Crenothrix,  100;  Infbsorla,  Perldinium^  1.    Total, 


Water  Supply  of  Middleton. 

(See  Danvers,) 
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MILTON. 

Water  Supplt  of  Milton.  —  Milton  Water  Company. 

The  water  supplied  by  this  compaDy  to  the  town  is  purchased 
from  the  Hyde  Park  Water  Company.  A  statement  in  regard  to 
the  supply  and  analyses  of  the  water  may  be  found  on  pages 
173-176.  Analyses  of  samples  of  water  from  Pine  Tree  Brook, 
and  from  a  test  well  near  it,  made  in  connection  with  an  investiga- 
tion for  a  new  source  of  water  supply  for  Milton,  are  given  below. 

a 

Chemical  Examination  of  Water  from  Pine  Tree  Brooke  Milton, 

[ParU  per  100,000.] 
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1.1 

Iron,  .0100.    Odor,  faintly  Tegetabla,  becoming  atronger  on  heating.— The  aample  waa  collected 
fiom  the  brook  at  the  aite  of  a  amall  dam  on  the  weaterly  aide  of  Harland  Street,  Milton. 


Microscopical  Examination. 

Pongi,  CrtnothriXt  1.    Miaeellaneona,  Zooglaat  3.    Total,  4. 


(^emical  Examination  of  Water  from  a  Tubular  Test  Well  in  the  Valley  of  Pine 

Tree  Brook,  Milton. 

fParU  per  100,000.] 
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aand. 

Odor,  none.  — —  The  aample  waa  collected  from  a  tabular  weU  near  Pine  Tree  Brook  on  the  eaaterly 
side  of  Harland  Street,  and  aboot  700  feet  aonth  of  Canton  Avenne,  Milton. 


Microscopical  Examination, 

No  organiama. 
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MONTAGUE. 

Water  Supply  or  Turner's  Falls  Fire  District.  —  Montague. 

Chemical  Eonaminaiion  of  Wetter  from  Lake  Pleasant^  Montague. 

[Parta  per  100,000.] 


• 

1 

e 

Appxabakcb. 

3 

1 

4^ 

1 

a 

1 

u 

o 

• 

1     i? 

c 

t 

9 

O 

o 

1 

1 

• 
O 

6 

Kksidue  on 

EVAPOBA- 
TIO». 


9028 
0972 
10186 
10168 
10250 
10392 
10516 
10653 
10812 
11022 
11162 
11328 
11471 

Av.* 


189S. 

Jan.  23 

Feb.  6 

Biar.l6 

Mar.  27 

Apr.  17 
I 
May  15 ; 

June  13 

July  12 

Aug.  15 

Sept.  13 

Oct.  10 

Nov.  13 

Deo.  11 


V.  slight. 
V.  alight. 
Slight. 
None. 
V.  alight. 
V.  alight. 
V.  alight. 
None. 
V.  alight. 
None. 
V.  alight. 
None. 
None. 


V.  alight. 

V.  alight. 

Slight. 

white. 
Slight. 

V.  alight. 

V.  alight. 

None. 

V.  alight. 

Slight. 

V.  alight. 

V.  alight. 

V.  alight. 

V.  alight. 


o 
H 


0.03 
0.041 

o.os' 

0.02 
0.04 
0.08 
0.03 
0.02 
0.01 
0.03 
0.05 
0.08 
0.08 

0.01 


3.30 
2.65 
1.20 
2.20 
2.25 
2.25 
2.85 
1.60 
1.90 
2.50 
2.30 
1.95 
2.15 


c 
o 


»  tB 


2.28 


1.20 
0.90 
0.55 
0.60 
0.30 
0.25 
1.20 
0.35 
0.60 
0.85 
0.75 
0.55 
0.60 


Amkonia. 


Albuminoid. 

• 

• 

1 

• 

1 

t 

5 

o 

s 

US- 
pen 

k 

H 

fi 

QQ 

0.68 


.oqoo 

.0064 
.0012 
.0042 
.0014 
.0000 
.0002 
.0000 


.0482 
.0138 
.0060 
.0066 
.0082 
.0072 
.0100 
.0054 


.0326 
.0008 


.0156 
.0040 


.0032.0028 


.0000.0064 
.0000  .0074 


.0000 
.0018 
.0060 


.0092 
.0054 

.oioo' 


.0046 
.0048 
.0054 
.0082 
.0040 


.0020 
.0034 
.0018 
.0018 
.0014 


.00541.0010 


.0052 
.0070 
.0044 


.0022 
.0022 
.0010 


e 
e 

o 
S 

O 


0084.0016 


.0023.0115.0083.0032 


.16 
.15 
.10 
.10 
.09 
.09 
.14 
.10 
.10 
.12 
.12 
.11 
.11 

.12 


NlTHOOES 
A8 


.0000 
.0050 
.0030 
.0150 
.0000 
.0180 
.0030 
.0050 
.0000 
.0050 
.0000 
.0040 
.0050 


a 

a 
m 

B 

a 

c 
« 

K 

o 


c 


.0000' 
.00011 

1 

.0001 

.0001 

.0000, 

.0000 ' 

.0000 

.0000, 

.0000 

.0000! 

.0000 

.0000 

.0000 


.2190 
.1163 


0.8 
0.9 


.0864,  0.5 

.0985  0.6 

.0012  0.5 

.1022-  0.3 


.0703  0.8 


.0049 
.0087 


0.1 
0.8 


.0045 


.0000 


.0036  0.« 
.0885  0.5 
.1807  0.5 
.1120!  0.6 


.1137  0.6 


Averages  of  ATialyses  of  Previous  Years, 


1887t 

- 

- 

1888 

- 

- 

1889^ 

- 

- 

1893 

- 

- 

0.03  !  2.74 

0.00  '  2.33 

I, 
0.01     2.19 

11 
0.04    2.28 


0.81 

.0018 

.0116 

- 

- 

.10 

0.49 

.0027 

.0071 

- 

- 

.09 

0.40 

Loooa 

.0063 

.0052  .0011 

.09 

0.68 

.0023 

.0115 

.0083 

.0032 

1 

.12 

1                i 

.0007,;  -  I 
.0085.0000 
.0088.0000 


.0045 


.0000 


.118^ 


0.6 


*  Where  more  than  one  aample  waa  collected  in  a  month,  the  mean  analyaia  for  that  month  has  been 
used  in  making  the  average.  f  June  to  December.  X  January  to  June. 


NoTS  toanalyaeaof  1898;  Iron,  .0065.  Odor  of  the  first  aample,  atrongly  vegetable  and  unpleasant, 
becoming  atrongly  oily  on  heating;  of  the  aecond  aample,  none,  becoming  decidedly  oily  on  heating;  of 
the  laat  aample,  decidedly  vegetable  and  unpleaaant;  of  the  remaining  aamples,  generally  fidntly  vege- 
table or  none. The  firat  three  aamplea  were  collected  directly  from  the  lake ;  the  remaining  samples 

from  a  faucet  at  the  pumping  atation. 
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Microscopical  Examination  of  Water  from  Lake  Pleasant^  Monti 

[Number  of  organlamt  per  cable  oenttmeier.] 
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62  '      1  '    72 


12  1    00 


Water  Supply  op  Nahant. 

(See  SwampscoU.) 

Water  Supply  op  Nantucket.  —  Wannacomet  Water  Coj  i 

Wannacomet  Pond,  the  source  of  supply  of  this  compan 
given  trouble  on  several  occasions  owing  to  the  presence    i 
water  of  abuudant  growths  of  the  organism  Anaboina^  whi<  1 
generally  appeared  about  midsummer  and  disappeared  in  Oc 
The  pond  is  a  natural  basin  with  sandy  shores  and  a  muddy  b( 
having  an  area  of  about  eight  acres  and  a  general  depth  of 
fourteen  feet.     It  has  no  visible  inlet  or  outlet  and  is  supplied 
water  which  percolates  into  it  from  the  sandy  territory  with 
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The  surface  of  the  filter  is  level  and  about  five  feet  above  high- 
water  mark  in  the  pond,  so  that  water  has  to  be  pumped  upon 
it.  The  pond  water  is  pumped  through  a  six-inch  pipe  which  rises 
vertically  through  the  filtering  material  to  the  surface  of  the  filter, 
and  the  water  is  kept  at  a  depth  of  from  twelve  to  eighteen  inches 
above  the  surface  of  the  sand.  The  filter  was  kept  saturated  and 
covered  with  water  at  all  times,  although,  as  it  was  the  custom  to 
pump  water  upon  the  filter  and  draw  the  filtered  water  from  the 
collecting  well  at  the  same  time,  the  filtration  through  the  sand  took 
place  only  while  the  pumps  were  in  operation.  As  a  rule  air  was 
forced  through  the  aeration  pipes  during  most  of  the  time  when  the 
pumping  was  in  progress. 

The  rate  of  consumption  during  the  summer  ranged  from  150,000 
to  220,000  gallons  per  day,  so  that  the  rate  of  filtration  if  it  had 
been  continued  through  the  whole  twenty-four  hours  would  have 
been  from  1,420,000  to  2,080,000  gallons  per  acre  per  day  (1.4  to 
2.0  gallons  per  square  foot  per  hour).  The  pumps  were  generally 
operated  from  an  hour  to  an  hour  and  a  half  at  a  time,  while  the 
tank  was  being  filled,  and  then  shut  down  for  three  or  four  hours. 
Under  these  circumstances  the  filtration  took  place  at  a  much  more 
rapid  rate  than  is  above  indicated.  It  is  stated  that  the  filter  is 
intended  to  operate  at  the  rate  of  five  gallons  per  square  foot  per 
hoar. 

As  already  indicated,  the  AncUxBna  appeared  in  such  numbers  in 
1893  as  to  cause  complaint  from  the  water  consumers,  and  the 
operation  of  the  filter  was  begun  on  August  8.  At  first  the  results 
appeared  to  be  satisfactory,  98  per  cent,  of  the  organisms  being 
removed  from  the  water  on  August  14,  and  nearly  all  of  the  odor  and 
color.  After  twelve  days'  use,  while  the  filtered  water  still  appeared 
to  be  clear,  complaints  of  the  odor  of  the  water  began  to  be  made 
by  the  consumers.  Two  days  later  it  was  noticed  that  a  scum  had 
formed  upon  the  surface  of  the  sand  and  the  filter  had  become 
clogged.  This  clogging  was  relieved  by  raking  the  surface,  and 
did  not  occur  again.  After  twenty-two  days*  use  the  odor  of  the 
filtered  water  was  so  strong  that  the  use  of  the  filter  was  discon- 
tinued, the  water  was  drawn  down  and  a  layer  half  an  inch  in  depth 
was  removed  from  the  surface  of  the  filter.  The  greater  part  of  the 
matter  removed  from  the  water  by  filtration  was  found  within  a 
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quarter  of  an  inch  of  the  surface.  In  some  places,  however,  the 
sand  was  stained  to  a  depth  of  eight  or  ten  inches.  It  was  also 
noticed  that  the  air  used  in  aerating  the  filter  had  passed  up  through 
the  material  unevenly  and  had  come  to  the  surface  at  several  places 
where  little  craters  were  formed.  The  portion  of  the  aerating  pipes 
extending  beneath  the  filter  bed  were  accordingly  disconnected  and 
were  not  used  again  during  the  season.  The  filter  was  again  used 
for  a  few  days  beginning  September  1,  but  the  odor  of  the  filtered 
water  was  so  strong  that  it  was  again  discontinued.  Up  to  this 
time  light  was  admitted  to  the  collecting  well,  but  afterward  it  was 
excluded. 

It  is  also  to  be  noted  that  these  unfavorable  results  were  obtained 
during  the  portion  of  the  year  when  the  pond  water  had  a  high 
temperature,  which  was  increased  by  the  exposure  of  the  water  in  a 
thin  layer  upon  the  filter  bed  and  by  the  warm  air  pumped  in  for 
aeration  from  the  engine-room.  After  September  29,  when  the 
temperature  of  the  water  was  below  sixty  degrees  Fahrenheit,  the 
filter  was  operated  without  any  trouble  and  there  was  said  to  be  no 
odor.  On  October  18  the  filtration  was  discontinued  for  the  season, 
as  the  Anabcena  had  disappeared  from  the  pond. 

The  results  of  the  chemical  and  microscopical  examinations  as 
given  in  the  following  tables  show  that  a  very  large  proportion  of 
the  Anabcena  were  at  all  times  removed  by  filtration,  but  at  times 
there  was  a  very  abundant  development  of  Zooglcsa  in  the  filtered 
water.  For  instance,  in  the  sample  collected  on  September  20,  when 
the  unfiltered  water  contained  508  AncAoena  and  Anabcena  spores 
per  cubic  centimeter,  the  number  in  the  filtered  water  was  63.  In 
the  unfiltered  water  there  were  no  Zoogloea  and  in  the  filtered  water 
480.  On  this  date  the  amount  of  organic  matter  as  indicated  by  the 
albuminoid  ammonia  was  reduced  only  about  one-fourth,  but  as  a 
rule  nearly  three-fifths  of  the  organic  matter  was  removed  by 
filtration. 
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Comparison  of  Examinations  of  Water  from  the  Wannacomet  Water 

Works  before  and  after  Filtration, 

[KoTB. — Figures  in  bold-faoed  type  show  the  results  of  examinatioDS  of  water  fi 
Fignres  in  Roman  tjpe  show  results  of  examinations  of  the  water  after  pu 
the  filter.] 

[Partt  per  100,000.]  • 


s 

a 

o 

"3 


AFPXAaAHCK. 


3 

H 


Odor. 


s 
I 


Cold. 


Hot. 


Aug".  14,;De*ded, 

Aug.       14  I'  None. 

Aug".  22ilDe'ded, 
green. 


Aug.       22  „  Distinct. 
Dlst'ct, 


Aug.  29 

Aug.  S9 
Sept.  6 
8«pt.        6 


Cons., 
rusty. 

None. 

Slight, 
yellow. 

Slight. 

Cons., 
green,    brown. 

V.  flight. 


V.  tUght, 
milky. 

De'ded, 
green. 


Distinctly 
disagreeabe. 

Faintly 

disagreeable. 

Diefly  v^gnjle 
dE  dlsag'ble. 

Faintly  vegetable. 

De'd'ly  v*gT3le 
&  disag'ble. 

Decidedly  vegeta- 
ble &  unpleasant. 


Sliflrht.    I  Dist'ly  v'g^le 
yellow.  1 1     &  disag'ble. 


Distinct,      Slight, 
yellow. 


Sept.  13  ,  De'ded, 

I    green,   ye 


Slight, 
uow. 


Sept.      13  I  SUght,       I  Slight. 
I,        milky.  I 

'I 
Sept.  20  I  De'ded.    Slight, 

I    green,   yeuow. 


Sept.      20  1 1  Decided, 
I        green. 


Slight. 


Oct.      4j'Dist'ct,  lOons., 


I   green. 

4,!  SUght, 
\       mUky. 


Oei. 


Oct.      U  |i  Dist'ot, 
'i   green. 


11 1!  Slight. 

milky. 


Oct. 


Oct.     ISi'Diet'ct, 

'I  milky. 


Oct. 


IS  I  None. 


green. 

V.  slight. 

Cons. 

V.  sUght. 
Slight. 
None. 


^^▼..  . . .  • .  h 


Decided, 

disagreeable. 

Distinctly 
vegetable. 

Decided, 

vegetable. 

De'd'ly  v'gOjle 
and  grassy. 

Decided, 

disagreeable. 

Distinctly 
unpleasant. 

Decidedly 

nnpleasant. 


Dist'ly  v'g'ble 
and  grassy. 

Faintly  vegetable. 

Dlstly  v'g'ble 
and  grassy. 

Faintly  vegetable. 

Stro'gly  vege- 
table, grassy. 

De'd'lv  vegetable 
and  disagreeable. 

De'd'd.  sw'ish 
and  grassy. 

Decided, 

disagreeable. 

Distinctly 
vegetable. 


Ammomia. 


t 


s 

o 
c 

1 

a 


5 
« 

I 

E 

■ 

e 
e 

;. 

s 

& 

► 

M 
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.0110 

.0000 
.0002 

.0122 


II 
.0526  .260 


.0168 


.0590 


.146 


.264( 


.0108,1. ISM 


.0000.0638 


.0206 
.0000 


.0212 
.0258 


.0096.0220 

.0000 

.0224 


Decided,  ,,.0000 

disagreeable.  ' 


De'ded,sweet,  1. 0000  .0670 
grassy. 


Decided, 

disagreeable. 


.0008 


De'd'lyv'g'ble  .0000.0574 
and  grassy. 


De'd'ly  v'gT)le 
&  dfsag'ble.      and  grassy. 


'1 

Decidedly  grassy     .0014 
and  unpleasant.  >| 

De'd'ly  v'g'ble   .0010 


DistMv  vegeUble 
and  disagreeable. 

Faint'y  v'gTale 
and  grassy. 

Disttnctly 

vegetable. 


Dist'ly  vegetable    l|.0004 
and  grassy. 

Str'glyv'g'ble '1.0022 
and  grrassy.  • 

Very  faintly     |  .0000 
vegetable,  i 


.3887 
.1669 

.2825 

.1560 

.2184 
.1960 

.2706 

I 
'.3&10 

! 

|.1463 

I 
1.1155 

.1863 
.1174 

.1368 

1 

.0056!. 0912 


.0516 


.0176 

.0412 
.0112 

.0286 


1, 


.0016  .05201.2851 


.0060 


.0200|I.1653 


i  I 


1,0 
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Microscopical  Examination  of  WaUrfrom  Wannacomet  Pond,  Nantucket. 

[Number  of  organiBmB  per  cabic  centimeter.] 


189S 

• 

Ang. 

Aug. 

Aug. 

Sept  Sept. 

Sept. 

Sept. 

Oct. 

Oet. 

Oct. 

Oct 

Nov. 

Dec. 

Day  of  ezftminatlon,  . 

16 

24 

81 

9 

16 

22 

80 

6 

12 

21 

27 

11 

8 

Number  of  lemplea    > 

10801 

10874 

10922 

10082 11025  11070 

11117 

11146 

11176 

11228 

11253 

11315 

11465 

PLANTS. 

Dlatomacee,  Synedra, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

pr. 

400 

CyanophyoeaB,    . 

s,m 

1,100 

467 

886 

925 

508 

176 

968 

1,748 

800 

448 

5 

0 

Afiibnm,     . 
Aiabma  apores, . 
Mkroeysdi,  . 

2,190 

64 

0 

760 

340 

0 

200 
260 

7 

228 

108 

0 

860 

65 

0 

356 

152 

0 

176 
0 
0 

968 
0 
0 

1,748 
0 
0 

744 

56 

0 

440 
9 
0 

5 
0 
0 

0 
0 
0 

Alffs,       .... 

16 

2 

9 

1 

25 

10 

0 

0 

0 

1 

9 

86 

14 

Fkadorioft,     . 
Pratoeoeena, 
Secoedeemafl,        • 
tJunrMtram, 

10 
0 

4 
2 

0 
0 
2 
0 

1 
3 
2 
8 

1 
0 
0 
0 

0 

26 

0 

0 

0 

10 

0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

1 

7 
0 
2 
0 

0 

1 

34 

1 

0 

12 

2 

0 

Fungi,  Creoothrix, 

56 

0 

0 

0 

0 

0 

2 

2 

0 

0 

0 

1 

0 

ANIMALS. 

Infusoria, 

8 

9 

20 

2 

0 

0 

0 

2 

10 

8 

21 

854 

16 

CiyptomoDM, 
Dinobryon,    . 
Dinobiyon  eaoee, 

Olenodlniiim, 
Moow,  .... 
Poridiniam,  . 
Vortleetla,     . 

0 
0 
0 
2 
0 
4 
2 
0 

0 
0 
0 
0 
0 
0 
*    0 
0 

0 
0 
0 
0 
0 
0 
20 
0 

0 
0 
0 
0 
0 
0 
2 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
2 
0 

0 
0 
0 
0 
0 
8 
2 
0 

0 
0 
0 
0 
0 
0 
8 
0 

0 
10 
0 
0 
0 
0 
6 
6 

0 

60 
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0 
0 

84 
0 

7 
0 
4 
0 
2 
0 
8 
0 

Vermes,  .... 

6 

4 

9 

4 

0 

0 

0 

4 

0 

7 

16 

6 

8 

Aanrea, 
Moooeerea,   . 
Polyanhn,   . 
Rotatortao  ora,     . 
Botlfer,. 

4 

0 
2 
2 
0 

1 

0 
2 

0 
1 

6 
0 
0 

1 
3 

8 

0 

1 
0 
0 

0 
0 
0 
0 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 
0 

2 
2 
0 
0 
0 

0 

0 
0 
0 
0 

6 
0 
0 
1 
0 

15 
0 
0 
1 
0 

5 
0 

1 
0 
0 

0 
0 
8 
0 
0 

Cmstacea.    . 

.08 

0 

.02 

.01 

.10 

.07 

0 

0 

0 

0 

0 

.01 

.04 

Cyclppe,        .       . 
Daphnla, 

0 
.08 

0 
0 

0 
.02 

0 
.01 

0 
.10 

.02 
.05 

0 
0 

0 
0 

0 
0 

0 
0 

0 
0 

.01 
0 

.04 

0 

^n^oeOoaeove,     . 

144 

76 

200 

0 

.10 

0 

208 

186 

72 

6 

0 

2 

5 

Aeerlna,        ... 
ZoSgliaa.       .       .        . 

0 
144 

.01 
76 

0 
200 

0 
0 

.10 
0 

0 
0 

0 
208 

.04 
136 

.04 

72 

0 
6 

0 
0 

0 

2 

0 
5 

TotAi,  .... 

2,466 

1,191 

705 

343 

950 

518 

386 

1,112 

1 

1,830 

817 

497 

404 

488 
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KATICK. 


Microscopical  Examination  of  Water  from  Dug  Pond,  Natick. 

fNumber  of  organltmB  per  cubic  oentlmoter.] 


1898. 


Jan.   Feb. 


Mar. 


Apr. 


May. 


Jane. 


July. 


Aug. 


Sept 


OcL 


Nov. 


Day  of  examination, 
Number  of  sample,    , 


6 

9845 


7 
9976 


3 
10075 


4 

10206 


8 

10348 


2 

io4n 


7 
10608 


4 
10725 


2 
10946 


3 
11180 


8 

11281 


Dee. 


6 
11442 


PLANTS. 

Diatomaceae, 


Aaterionella 

Oyclotella, 

Meiosira, 

Synedra, 

Tabellaria, 


CyanophycesB, 

Clathrocyatis, 
MicrocyatiB, 


Chlorococcus, 
Closterium, . 
GloeocyBlia, . 
Protococcua, 
RaDhldlam, 
Zooaporea,  . 


Funffif  Crenothriz, 


ANIMALS. 
Bhizopoda,  DifDugia, 

Infiisorla,     . 

Dinobryon  caaee, 
Monas, 
Perldlnlam, 
Trachelomonaa,  . 
Vortioella,   • 

Vermes,  Annrea,  . 


Mi9ceHaneou9,   . 

A  carina, 
Zo&gloea, 


Total, 


494 

8 

9 

SO 

778 

18 

105 

146 

90 

10 

492 

68 

0 

0 

pr. 

68 

0 

0 

0 

0 

6 

86 

338 

3 

0 

•  1 

78 

7 

68 

144 

1 

0 

24 

48 

0 

9 

26 

600 

6 

29 

0 

36 

0 

360 

40 

0 

pr. 

3 

42 

0 

0 

1 

2 

1 

0 

0 

0 

0 

0 

0 

1 

8 

0 

0 

4 

12 

pr. 

0 

0 

0 

0 

0 

0 

8 

11 

0 

2 

pr. 

0 

0 

0 

0 

0 

0 

8 

4 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

7 

0 

s 

24 

0 

pr. 

pr. 

50 

10 

137 

12 

21 

14 

193 

2 

0 

0 

0 

0 

0 

0 

1 

0 

14 

12 

8 

0 

pr. 

pr. 

0 

0 

1 

1 

1 

0 

J4 

0 

0 

0 

0 

0 

0 

36 

0 

2 

0 

7 

14 

0 

0 

0 

4 

10 

100 

10 

16 

0 
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5 

0 

0 

0 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

40 

0 

0 

0 

0 

0 

0 

1 

0 

pr. 

*     2 

0 

0 

0 

0 

0 

8 

pr. 

1 

0 

pr. 

0 

0 

pr. 

0 

0 

0 

0 

pr. 

pr. 

0 

pr. 

4 

pr. 

59 

0 

8 

0 

^'6 

0 
pr. 
pr. 

0 

0 

pr. 

0 
0 
0 
0 
0 

0 
0 
pr. 
0 
0 

1 

0 

2 

pr. 

0 
0 
0 

62 

1 

pr. 

0 
0 
0 
0 
0 

0 

1 

2 
0 
0 

0 
0 
0 
0 
0 

pr. 

pr. 

0 

0 

0 

0 

0 

1 

5 

0 

15 

14 

pr. 

0 

1 

0 


1,485 

720 
80 

640 

2 

28 


0 
0 


0 
24 
0 
0 
0 
0 


0 


3 
0 
1 
0 
0 


10 

0 

12 

0 

t 

9 

9 

28 

10 

99 

9 

0 

0 

0 

0 

.01 

0 

0 

0 

0 

.82 

.01 

18 

0 

12 

0 

2 

0 

8 

28 

10 

98 

0 

638 

3 

21 

82 

834 

23 

298 

180 

89 

126 

501 

0 

2 
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T€U>le  showing  HeighU  oj  Water  in  Dug  Pond  on  Dates  when  Samples  of  Water 

were  collected  for  Analysis, 

NoTB.  —  High-water  mark  is  13.0  feet. 


Jan.  3, 
Feb.  6, 
Hsr.  2» 
Aprils, 
May  8. 
Jane  1, 


DATS.— 1S9S. 


Height  of 
W^ter. 


Feet. 
8.75 

8.88 

10.88 

18.29 

14.00 

18.00 


DATS.  — 1S98. 


July  6, 
Aug.  8, 
Sept.  1, 
Oct.  i. 
Not.  1, 
Dec.   4, 


Ueight  of 
Water. 


Feet. 
ll.ftS 

10.26 

0.75 

8.02 

8.50 

8.88 


Water  Supply  of  Needham. 

Chemical  Examination  of  Water  from  the  Well  of  the  Needham  Water  Works, 

[Parte  per  100,000.] 


J 1 

• 

A 

«  m 

» 

4.80 

AMMOnA. 

a         Chlorine. 

3 

NlTBOOBM 
At 

i  1 

s 

1     s 

i 

• 

a 

•2 

s 

• 

a 

a 

1 
1 

• 

1 

i 

.0000 

1 

i 

5            1 

1 

.0012  i 

• 

I 

■ 

S 

1 

10085 

18M. 

Feb.  20 

None. 

None. 

0.0  ' 

.1300 

.0000 

|.0277 

2.5 

.0000 

10435 

May   23 

None. 

None. 

0.0  , 

1     5.00 

.0000 

.0002 

1 
.73  , 

.2000 

.0000 

.0450 

1.9 

.0000 

10666 

Aag.  21 

Xone. 

None. 

0.0 

,    5.00 

.0000 

.0000 

.56  '■ 

.0750 

.0000 

.0785 

1.6 

.0000 

1132» 

Not.  14 

None. 

None. 

0.0 

6.10 

.0000 

.0018 

.58 

1 

.1000 

.0000 

.0664 

1.8 

.0000 

11503 

Dec.   18 

None. 

None. 

0.0 
0.0 

1     5.00 

1 

1.0000 

1 

.0000 

.0004 

.50 
.63 

.1100 
.1230 

.0000 
.0000 

.0486 

1.6 
1.9 

.0000 

A» 

1 
•  •••••■•••!•  •  •••ease* 

5.28 

.0007 

.0522 

.0000 

1 

Odor,  Done.— -Not.  10435  and  11508  were  collected  from  faaoets  in  the  village;  the  remaining 
inaplee  either  dlreoUy  from  the  well  or  from  a  faneet  at  the  pumping  etation  while  pumping. 


Microscopical  Examination, 

An  inaigiiiftcant  number  of  organiame  waa  found  in  all  but  one  of  theae  aamplea. 
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Water  Supply  of  New  Bedford. 
Chemical  Exarnxnaimn  of  Water  from  the  Conduit  of  the  New  Bedford  WaUr  Works. 
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Microscopieal  Examination  of  Water  from  the  Conduit  of  the  New 
WfUcr  Worki. 

[HnmtHr  at  argkniami  per  oablo  oenUmatw.] 
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Chemical  Examination  of  Waier  from  Lilile  QuiUaeat  Pond,  Laket 
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UnUj  TBieUb 
■Denlly  aboat 


Wateb  Supply  of  Newbubyport.  —  Newburtport  Water 
Company. 

The  use  of  water  from  the  Merrimack  River  by  the  Newburyport 
Water  Company  for  the  supply  of  the  city  was  the  subject  of  a  com- 
muuicatioD  from  the  State  Board  of  Health*  to  the  company  in  No- 
vember, 1892,  pointing  out  the  danger  of  infection  from  typhoid  fever 
incurred  by  the  use  of  this  source  and  advising  that  a  fuither  supply 
of  pure  water  be  obtained  without  delay.  The  continued  use  of  the 
river  water  was  the  apparent  cause  of  an  epidemic  of  typhoid  fever 
in  Newburyport  in  January  and  February,  1803,  which  led  the  Board 
to  send  a  letter  relative  to  this  subject  to  the  mayor  of  the  city  early 
in  March,  a  copy  of  which  may  be  foand  on  page  43  of  this  volume. 
The  city  of  Newburyport  subsequently  applied  to  the  State  Board 
of  Health  for  advice  relative  to  the  use  of  water  from  the  Artichoke 
River,  either  directly  or  after  filtration,  for  the  supply  of  the  city, 
and  the  reply  of  the  Board  may  be  found  on  page  44. 

The  Newburyport  Water  Company  increased  its  ground-water 
supply  ia  1893  by  taking  the  Jackmao  Spring,  so  called,  and  pro- 
viding a  temporary  pump  and  pipe  to  pump  and  convey  the  water 
from  this  spring  to  the  present  works.  It  al^o  constructed  a  well 
about  fifty  feet  in  diameter  and  fourteen  or  more  feet  in  depth,  a 
short  distance  from  its  present  wells,  and  near  the  edge  of  the  small 
reservoir  by  the  pumping  station.  The  works  as  enlarged,  however, 
are  not  likely  to  furnish  a  sufficient  supply  for  the  city  of  Newbury- 
port. 

It  will  be  noticed  by  reference  to  the  table  of  analyses  on  pnpe 
242  that  a  very  unusual  amount  of  chlorine  was  at  times  present  in 
the  water  supplied  by  the  company  to  the  city.  This  result  is  due 
to  the  use  of  water  from  the  Merrimack  River  which  contained  a 
small  amount  of  sea  water. 

Analyses  of  water  from  the  Artichoke  Kiver,  and  from  other 
sources,  examined  in  connection  with  the  investigation  of  new  sources 
of  water  supply  by  the  city,  will  be  found  in  tables  which  follow. 

*  Report  of  tbe  SMa  Board  of  IlMltb  for  the  jtti  1S92,  page  37. 


KEWBUBYPOKT. 

Chemical  ExaminfUion  oj  Water  Jrmn  the  Small  Storage  Reservoir  of  Uu 
Newburyport  Water  Company. 
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Chemical  Examination  oJ  Waierfrmna  Faucet  in  Newburyport,  supplied  from 
the  Works  of  the  Newburyjiort  Waler  Company. 

[Pmu  par  100,000.] 
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NBWBUBTrOKT. 

Sfieroseopieal  Examination  of  Water  from  a  Faucet  in  Kewburyport,  supplied 
from  the  Works  of  the  NewburypoH  Water  Company. 
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C&emicol  Examination  of  Water  from  Tubular  Test  Wells  at  Neioburyporl. 
[Part*  p«r  100.000] 
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Microscopical  Examination. 
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Chemical  Examinalion  of  WaUr  from  the  Artichoke  Biver  in  West  Newbury. 

[F*n>  par  100,000.] 
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Water  Supply  op  Newton. 

Cheviical  Examination  oj    Water  from  a  Faucet  at    the  Newton   Water  Port) 
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No.  34.]    EXAMINATION  OF  WATER  SUPPLIES- 


MieroscopictU  Examinalian  of  Water  from  a  Faucet  at  the  Newton  T 

Pumping  Station. 

[Number  of  orgaolama  per  cnbic  eentimeter.] 
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Chemical  Exofmtnation  of  Water  Jrom  the  Covered  Distributing  Besert 

Newton  Water  Works, 

[ParU  per  100,000.] 
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■unplea,  none.  The  odor  of  No.  11866  became  diatinctly  anpleaaant  after  atanding  In  the 
one  day. The  aamplea  were  colleoted  from  the  reaervoir. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 
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Microscopical  Examination  of  Water  from  the  Main  Underdrain  of  the  £ 

Brook  Division  of  the  Newton  Sewerage  System. 

[Number  of  organisms  per  cubic  centimeter.] 
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Chemical  Examination  of  Water  from  Main  Underdrain  oj  the  Cheeseca 

Brook  Division  of  the  Newton  Sewerage  Sy stern, 

[Parts  per  100,000.] 
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*  Where  more  than  one  sample  was  coUeoted  in  a  month  the  mean  analysis  for  that  month  has  1  1 
used  in  making  the  average. 

Odor  of  the  first  sample,  faintly  mouldy ;  of  the  second,  none,  becoming  faintly  earthy  on  heat  1 
of  the  last  sample,  none,  becoming  faintly  vegetable  on  heating;  of  the  remaining  samples,  none. 
Tlie  samples  were  collected  from  the  underdrain  at  its  outlet. 


ITBWTON. 

Microfcopical  Examination  of   Water  Jrom  Ihe  Main  Underdrain  of  Ok  Cltettt- 
cake  Brook  Division  oj  the  Newton  Sewerage  System. 
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Chemical  Examination  of  Water  from  the  Main  Underdrain  beneath  the  Laundry 
Brook  VaUey  Sewer,  Newton. 
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northampton, 
Water  Supply  of  Nobthampton. 

Chemical  Examination  of  Water  from  the  Upper  and  Lower  Storage  Reservoirs 
of  the  Northampton  Water  Works  on  Roberts'*  Meadow  Brook, 

[Parts  per  100,000.] 


Date  of  Colleetlon. 

Appkarahojb. 

Kbsidux  on 

EVAPORA-     1 
TIOS.          \ 

1 

Ammokia.          { 

1 

« 

a 

i 
§ 

.11 

.12 

1 

XlTSOOBH 
A8 

Oxygen  Consumed. 

«i 

1 

H 

Loss  on 
Ignition. 

1 

Albuminoid,     i 

1 

1 

• 

1 

i 

5 

a 

1 

• 

> 

1 

s 

Sus- 
pended. 

■ 

! 

c 
1 

10886 
10637 

1898. 

Aug.  16 

Ang.l6J 

i 

None. 

DietlDCt. 

1 

V.  Blight. 
Slight. 

0.05 
0.12 

5.40 
5.65 

1.50 
1.70 

.0000 
.0000 

.00G8 
.0140 

.0028 
.0076 

.0010 
.0064 

.0070 
.0000 

.0000 
.0000 

.1404 
.2028 

1.9 
1.0 

Iron  Id  the  first  sample,  .0040;  In  the  last,  .0165.    Odor  of  the  first  sample,  none,  beeomlng  dls- 

tioetly  Tegetable  on  heating;  of  the  last  sample,  none. The  first  sample  was  ooUected  from  the 

spptr  reservoir  at  Roberts'  Meadow ;  the  last  from  the  lower  reservoir  at  Leeds. 

Microscopical  Examination, 

No.  10886.  DlatomacesB,  .yya^toria,  5;  CfomphonematA;  Synedra,!.  Miseellaneous,  Zoo^toa,  28. 
Total,  38. 

No.  10887.  DiatomacasB,  (V^^^^>2;  I>i<Uomat2i  Epithemia,2;  FraffUariat  14;  Oomphonemati; 
Jfetosira,  4;  ITaoieula,  1;  PinnulariOt  8;  Synedra,  7,360;  Tabellaria,  1.  Infusoria,  Peridinium,  2. 
Vennes,  i\»<yor<Afti,  2.    MisceHaoeoas,  ZoSgkea,  36.    Total,  7,431. 

North  Andover. 

* 

The  advice  of  the  State  Board  of  Health  to  the  town  of  North 
Andover  with  reference  to  taking  a  supply  of  water  for  the  town 
from  Great  Pond  may  be  found  on  page  44  of  this  volume.  The 
following  analysis  of  a  sample  of  water  from  Boston  Brook  in 
North  Andover  was  made  during  an  investigation  for  a  new  source 
of  water  supply  for  Melrose. 


Chemical  Examination  of  Water  Jrom  Boston  Brooke  North  Andover. 

[Parts  per  100,000.] 
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Slight.       1.70 
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AMMOiriA. 


Albuminoid. 
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3 
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00 

.0042 
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NiTROGKN 
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.0070 


.0001 


a 

a 

m 

a 
o 

e 
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S 

d 

"2 


1.6183,2.6 


Iron,  .0100.    Odor,  fktntly  vegetable. The  sample  was  eoUeoted  from  the  brook  Jost  below  the 

potet  where  It  Is  crossed  by  the  Salem  and  Lawrence  turnpike,  near  Boston  Hill. 

Microscopical  ExamincUion, 

,  DUMtoma,  0;  MeridiOHt  8;  ITavtcula,  1.    Fungi,  Orenothrix,  1.    ToUl,  10. 
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nobthboboxtgh. 

Water  Supply  of  Northborough. 

Chemical  Examination  of  Water  from  the  Northborough  Water  Works. 

[Parts  per  100,000.] 


1 

§    1 

1 

Atpbasaxob. 

Rkoidub  oir 

EVAPOII^- 

AXMOiriA. 

NiTBOOBX 

1 

1 

TION. 

• 
9 

1 
§ 

i 

I 

M 

mte  ofCoUtM 
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1  1 

• 
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§1 
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Albumin  old. 
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1 

8 
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• 
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i 

as 
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t                1 

00 

o 

H 

k4 

H 

Q 

OQ 

s 

9a 

o 

n 

1 
18M.  , 

108S5,  M«y  15 

Slight. 

BUght. 

l.M 

8.16 

1.66 

.0002 

.0204 

.0180 

.0018 

.16 

.0190 

.0001 

.9463 

0.8 

11086,  S«pt.l7 

1              1 

;  Distinct, 
'      green. 

SUght. 

0.60 

4.70 

2.06 

.0000 

.0248 

.0200 

.0048 

.88 

.0000 

.0000 

.6162 

1.2 

11037,  Sept.l7 

1  Decided, 

Cone., 

0.40 

4.60 

1.06 

.0000 

.0276 

.0166  .0120 

.28 

.0060 

.0000 

.4914 

0.9 

lOaMi  Umj  15 

1 

green. 
Slight. 

yellow, 
v.  alight. 

0.00 

1 

3.60 

1.66 

.0000 

.0162 

.0124 

.0028 

.12 

.0070 

.0001 

.6018 

0.8 

Iron  in  the  upper  reservoir,  .0076 ;  in  the  lower  reservoir,  .0180.    Odor,  vegetable. The  first  two 

Mmples  wers  collected  from  the  upper  reservoir;  the  third,  from  the  lower  reservoir,  and  the  last  irom 
■  faseet  in  the  town. 


Microscopical  Examination  of  Water  from  the  Northborough  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


180S. 


May. 


September. 


September. 


May. 


Bay  of  eiamlnatlon, 
Kmatier  of  sample, 

PLANTS. 
Diatomscen,    . 

Ascerionella, 

Cyelotella, 

Diatoma,    .... 

Epltbemla, 

Fragyaria, 

Oompbonema,  • 

Maloslra,    .... 

Navlcula,  .... 

Pinnolarla, 

SorirelU 

BvMdra,    .... 
TabelUrla, 

CyanophycesB,  Noatoe,  . 

S 

Chlorocooens,  . 
Cosmarlom,  . 

8eenf>deamQS,  . 
Btaorastnim,  . 
2WSaporea, 

^'Jn*!.  Crenothrix,      . 


17 
10896 


19 
11036 


19 
11037 


17 
10396 


1 
0 
0 
0 
2 
pr. 

pr. 

0 
60 

4 


0 
0 
0 

4 


pr. 


44 


0 
0 
0 
0 
0 


t,m 


0 

0 

0 

28 

0 

200 

0 

1 

0 

0 

0 

1 

0 

260 

1 

1 

0 

.      1 

0 

2 

8 

1 

2 

1,600 

21 

18 
0 
0 
0 
8 


63 

2 
0 
0 
0 
0 
0 

26 
0 
0 
0 

84 
1 


8 

0 
1 
2 
0 
0 
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NOBTHBOBOUGH. 

Microscopical  Examination  of  Water  from  the  Nortkborough  Water  Works 

—  Concluded. 

[Namber  of  organiamt  per  cubic  centimeter.] 


18*8. 


May. 


September. 


September. 


Hay. 


ANISIALS 
Bbizopoda,  Difflugia, 

InAisoria,   .... 

Perldinlam, 
Trachelomonas, 

Vermes,      .... 

Anarea,     .... 
Polyarthra, 
Rotatorlan  ova, 

Orustaoea 

Daphnia,    .... 
EntomoBtracao  ova, . 

MltoellaneouSt  ZoSglcea, 
Total,       .... 


0 

0 

1 

t 

10 

87 

2 

0 

0 

1 

86 

1 

0 

8 

18 

0 
0 
0 

6 

1 
2 

12 
8 
8 

0 

0 

0 

0 
0 

0 
0 

0 
0 

1 

0 


0 
0 
0 


.Of 

.01 
.01 


t6 


146 


20 


2,172 


67 


Water  Supply  of  North  Brookfield. 

Description  of  Works,  —  The  works  are  owned  by  the  town  and 
were  completed  in  1893.  The  sources  of  supply  are  Doane  Pond 
and  North  Pond,  formerly  known  as  Horse  Pond,  supplemented  by 
water  diverted  into  it  from  North  Brook.  Water  is  pumped  by 
water  power  at  a  station  near  Doane  Pond  to  a  distributing  reservoir 
on  Bell  Hill  and  thence  distributed  to  the  town. 

Water  can  be  drawn  from  either  pond,  but  it  is  proposed  to  draw 
the  supply  for  domestic  use  from  Doane  Pond,  using  the  surplus 
water  from  Doane  Pond,  in  connection  with  the  water  from  North 
Pond,  to  furnish  power  for  pumping. 
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NORTH  BBOOKFIBIiD. 

The  areas  of  watersheds  (including  the  water  surfaces)  of  sources 
controlled  by  the  town,  as  determined  by  actual  survey,  are  as 
follows : 

North  Brook, 487.9  acres. 

Side  Hill  Canal  from  North  Brook, 25.0      " 

North  Fond, 196.6 

DoanePond,  .        . 899.7 


it 

44 


Total, 1,608.2 


44 


The  size  of  the  Doane  Pond  watershed,  as  given  in  the  table, 
iDclades  the  whole  of  Stoddard  Brook,  which  has  a  watershed  of 
425.8  acres.  Provision  has  been  made  by  which  the  water  of 
Dearly  all  of  this  brook  can  be  turned  into  North  Pond  when  it  is 
desirable  to  do  so. 

With  the  exception  of  a  portion  of  the  watershed  of  North  Brook, 
which  rises  in  New  Braintree,  the  watersheds  of  the  sources  of 
supply  are  within  the  limits  of  North  Brookfield. 

North  Pond  has  an  area  of  69.6  acres  and  a  capacity  of  about 
350,000,000  gallons.  It  has  been  used  for  many  years  as  a  storage 
reservoir  to  supply  power  to  a  mill  situated  just  below  Doane  Pond. 
A  new  dam  six  feet  higher  than  the  old  one  has  been  constructed  by 
the  town  about  500  feet  down  stream  from  the  old  dam,  thus  greatly 
increasing  the  area  and  storage  capacity  of  the  pond.  It  is  said  that 
the  pond  is  thirty  feet  deep  in  some  places  and  may  average  eigh- 
teen feet.  The  water  of  North  Pond  is  conveyed  to  the  pumping 
station,  situated  just  below  Doane  Pond,  by  means  of  a  canal,  with- 
out passing  through  Doane  Pond. 

Doane  Pond  is  an  artificial  reservoir  constructed  many  years  ago 
for  use  as  a  mill  pond.  Since  its  acquisition  by  the  town  as  a  source 
of  water  supply  the  dam  has  been  raised  three  feet,  increasing  its 
area  to  30.9  acres  and  its  capacity  to  53,800,000  gallons. 

A  filter  entirely  surrounded  by  water  has  been  constructed  at 
Doane  Pond  near  the  dam,  by  building  two  concentric  walls  having 
an  annular  space  five  feet  wide,  filled  with  gravel,  between  them. 
In  the  centre  is  a  filtered-water  well  fifteen  feet  in  diameter  and 
fifteen  feet  deep.  Water  for  the  supply  of  the  town  is  drawn  from 
this  well. 

The  distributing  reservoir  is  rectangular  in  shape,  159  by  117  feet 
at  the  foot  of  the  slopes  and  222  by  180  feet  at  the  top  of  the  slopes 


NOBTH  BBOOKITTEU). 

inside.  It  is  nineteeo  feet  in  depth  from  the  top  of  the  embent- 
ments  and  when  filled  to  a  depth  of  fifteen  feet  will  contain  about 
2,950,000  galloDS  of  water.  The  slopes  are  lined  with  clay  puddle 
four  feet  in  thickness,  covered  with  a  six-inch  layer  of  broken  stooe, 
opoD  which  is  laid  a  stone  paving  one  foot  in  thickness.  The  bottom 
is  covered  with  broken  stone  and  binding  inaterial  to  a  depth  of  six 
inches. 

Water  enters  the  reservoir  at  the  bottom  on  the  north  side  and  is 
drawn  out  about  one  foot  from  the  bottom  on  the  south  side.  Ao 
arrangement  has  been  made  whereby  water  may  be  sprayed  into  the 
reservoir  from  a  pipe  near  its  centre.  It  is  intended  to  pump  ait 
water  to  the  distributing  reservoir,  but  a  direct  connection  has  been 
made  whereby  water  may  be  pumped  directly  to  the  town  in  case  of 
emergency.     The  distributing  mains  are  of  castriron. 

Chemical  Examination  of  Water  from  Faucets  in  North  Brookfield,  supplied  jrom 

the  North  Brookfield  Water  Works. 

[p»m  p«rii)o,ooo.] 


Iron,  ■043S.    Odor  ol  Lb«  flnt  Haple,  dlatlnstly  T«geUt>l*  ud  impleMUit;  ot  Uw  lut  umplti  nOK. 

Microscopical  Examination. 

Kd.  103M.  T}\»tommiiitm,Atltriontlla,S,UO;TabellnHa,l.  A\gti!,  Z<i6tpore;  W.  loloKiit, Dli"- 
br]/on  cat",  9;  Eafflena.l;  /VrliJftiium.  7S.    UlicalUnsoui,  Zonglaa.i,    ToUl.t,3M. 

No.  11038.  DlnIODiuw.  AittrUmilla,  S.MO.  Algte.  Con/ma,  1;  Cotmarium,  1;  ff/nv^M,  1: 
pTOUiciictni,  80;  StaarailTMit,  \;  Xanlhidixan,  1;  ZoOtpon;  1.  lafluorii,  DinobiyoH  cant.  1- 
Toul,  i,WI. 

Water  Supply  of  Norwood. 
The  organism  Uroglena,  which  was  present  in  large  numbers  in 
the  water  of  Buckmaater  Pond  in  1892,  reappeared  in  much  smaller 
numbers  for  a  short  time  in  the  early  part  of  1893,  and  also  in  very 
small  numbers  toward  the  end  of  the  year.  A  description  of  this 
organism  and  an  account  of  its  effect  upon  the  taste  and  odor  of 
water  may  be  found  in  the  annual  report  of  the  State  Board  of 
Health  for  1891,  pages  645-658. 
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NORWOOD. 

Chemical  Examination  of  Water  from  Buckmaster  Pond,  Dedham, 

[Parts  p«r  100,000.] 
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Slight. 
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V.  alight. 

V.  alight. 

SUght. 

V.aUght. 

SUght. 

Slight. 

V.aUght. 

SUght. 

Slight. 

SUght. 

V.aUght. 

V.aUght. 


Slight. 

Slight. 

V.aUght. 

V.aUght. 

SUght. 

V.  alight. 

SUght. 

Slight. 

Slight. 

Blight. 

SUght. 

SUght. 

V.aUght. 

SUght. 


0.06 
0.05 
0.05 
0.05 
0.08 
0.10 
0.12 
0.15 
0.08 
0.05 
0.08 
0.05 
0.05 
0.03 

0.07 


Rbbiduk  on 

KVAPORA- 
TIOV. 


I 


2.00 


2.75 
2.80 
2.00 
2.66 
2.40 
2.45 
2.66 
2.46 
2.76 
2.85 
2.«0 


I 

86 


f 


2.82 


1.15 


0.00 
0.80 
0.80 
1.00 
0.80 
1.40 
1.60 
1.20 
1.60 
0.80 
1.05 


1.08 


AXMOiriA. 


Albuminoid. 

1 

H 

i 

o 

00 

.0084 


.0140 
.0156 
.0184 
.0026 
.0004 
.0014 
.0000 
.0000 
.0014 
.0000 
.0050 


.0052 


.0182 


.0244 
.0166 
.0148 
.0184 
.0258 
.0240 
.0168 
.0202 
.0150 
.0284 
.0178 


.0190 


.0156 


.0206 
.0118 
.0186 
.0104 
.0186 
.0104 
.0186 
.0142 
.0128 
.0210 
.0150 


.0166 


.0026 


.0038 
.0088 
.0012 
.0080 
.0072 
.0046 
.0022 
.0060 
.0022 
.0074 
.0028 


.0043 


S 
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.40 


.44 
.32 
.80 
.82 
.81 
.30 
.86 
.84 
.88 
.20 
.34 


.33 


NlTBOQBN 

AS 
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.0030 


.0050 
.0070 
.0070 
.0080 
.0050 
.0000 
.0000 
.0000 
.0000 
.0080 
.0000 


.0028 


.0000 


.0000 
.0001 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0008 

.0000 


1 

a 
a 

a 

I 
o 


I 

3 


.2372 


.2263 
.1605 
.2209 
.2566 
.8525 
.3130 
.2146 
.3240 
.2238 
.8237 
.1911 


.2544 


0.8 


0.8 
0.0 
0.8 
0.6 
0.8 
0.6 
0.6 
0.8 
0.6 
0.6 
0.6 

0.7 


Averages  of  Analyses  of  Previous  Tears, 


1887* 

1 

- 

0.00 

2.64 

1.06 

.0058 

.0212 

- 

- 

.30 

.0018 

- 

- 

- 

;  1888 

I 

- 

- 

0.15 

2.66 

0.95 

.0060 

.0248 

- 

- 

.29 

.0066 

.0001 

- 

- 

'  1889 

- 

- 

0.1] 

2.43 

0.78 

.0025 

.0196 

.0172 

.0024 

.30 

.0070  .0001 

- 

- 

1800 

1 

1 

- 

0.05 

2.60 

0.90 

.0015 

.0180 

.0147 

.0083, 

.30 

.0075 

.0000 

- 

1.0 

1801 

1 

1 

- 

0.06 

2.48 

0.07 

.0014 

.0166 

.0140 

.0026; 

.26 

.0075 

.0000 

- 

0.7 

1892  I 

• 

- 

0.07 

2.88 

1.24 

.0019 

.0219 

.0172 

.0047 

.82 

.0067 

.0000 

- 

0.7 

1883  1 

1 

- 

0.07 

2.02 

1.08 

.0052 

.0199 

.0156 

.0043 

.33 

.0028.0000 

1 

.2544 

i 

0.7 

*  June  to  December. 

Kon  to  analyaee  of  1893 :  Iron,  .0057.  Odor  of  the  firat  aample,  faintly  vegetable,  becoming  faintly 
oily  on  atanding  or  on  heating;  of  the  aeoond  aample,  fidntly  vegetable,  becoming  atrongly  oily  on  heat- 
l>f ;  of  the  third  aample,  none,  becoming  faintly  oily  on  heating;  of  the  remaining  aamplea,  generally 
^^iBtly  vegetable,  frequently  none,  rarely  monldy  or  graaay.  — —  The  aamplea  were  collected  from  the 
POBd  geoeraUy  from  five  to  eleven  feet  beneath  the  aurface. 
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NORWOOD. 

Microscopical  ExaminaUon  of  Water  from  Btickmaster  Pond,  Dedham, 

[Number  of  organlBins  per  cable  centimeter.] 


180S. 
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Jan. 

Jan. 

Feb. 

Mar. 

Apr. 

May.  June. 

July. 

Aug. 

Sept  Oct 

Nov. 

Dec. 

Day  of  examination. 
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14 
2 
0 
1 

41 

0 
0 
0 
0 
0 

15 
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Total, 

98 

0 

24 

pr. 
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NORTV^OOD. 

Chemicctl  Examination  of  Water  from  Faucets  in  Norwood^  supplied  jrmn 

Buchnaster  Fond, 

[Parte  per  100,000.] 
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Iron,  .0145.    Odor  of  the  flrat  sample,  faintly  vegetable,  becoming  dlBtlnctly  vegetable  and  oily  on 
beating;  of  ihe  remaining  aamplee,  none,  becoming  faintly  vegetable  on  heating. 


Microscopical  Examination  of  Water  from  Faucets  in  the  Vitiate  of  Norwood, 

supplied  Jrom  Buchmaster  Pond. 

pSfnmber  of  organiema  per  cnblo  centimeter.] 
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January. 


January. 


January. 


February. 


Day  of  examination,     . 
Knmber  of  sample, 

PLANTS. 
Diatomaceee 

Aiterlonella,  .  .  .  . 
Cyelotella,  .  .  .  . 
Tabellaria 

ANIMALS. 
Inftisorla, 

IMnobryon  caaea,     . 
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Total, 
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factory  than  that  from  other  portions  of  the  works,  and  to  use  the 
sarplus  water  not  needed  for  the  supply  of  the  town  to  furnish 
power  for  pumping ;  but  an  auxiliary  steam  plant  has  been  provided 
at  the  pumping  station  for  use  at  times  when  the  supply  of  water  is 
insafficient  to  furnish  the  power  needed. 

Coolidge  Brook  is  a  small  tributary  of  Miller's  River  from  the  south 
which  joins  the  river  at  a  point  about  one  and  one-half  miles  below 
the  village  of  Orange.  The  collecting  reservoir  is  located  just 
above  the  point  where  the  brook  is  crossed  by  the  Holshire  road, 
about  one  and  three-quarters  miles  from  its  mouth.  The  drainage 
area  of  the  brook  at  this  point  is  estimated  to  be  about  1.38  square 
miles.  The  reservoir  covers  an  area  of  about  0.72  acre,  and  it  is 
said  to  have  a  capacity  of  2,045,000  gallons  when  filled  to  the  crest 
of  the  overflow,  which  is  three  feet  below  the  top  of  the  dam.  The 
loam  and  sub-soil  are  said  to  have  been  removed  from  all  of  the  area 
flowed.  The  water  which  passes  the  overflow  is  conveyed  through 
a  48-inch  pipe  two  hundred  and  fifty  feet  in  length  and  discharged 
into  North  Pond. 

Provision  has  been  made  for  filtering  the  water  drawn  from  Cool- 
idge Brook  for  the  supply  of  the  town,  by  constructing  on  the  up- 
stream side  of  the  dam  a  rectangular  filter-chamber  of  rubble  masonry, 
10  feet  long,  7.5  feet  wide,  and  of  a  height  equal  to  that  of  the  dam. 
The  filter,  which  is  on  the  up-stream  side,  is  5  feet  6  inches  in  width 
and  of  the  same  height  as  the  walls  of  the  chamber ;  the  filtering 
material,  consisting  of  sand  or  gravel,  is  four  feet  in  thickness,  and 
is  retained  between  perforated  wooden  planks  lined  with  copper  wire 
screens. 

It  is  the  intention  to  have  the  top  of  the  chamber  closed  tightly  in 
order  that  water  may  be  run  back  through  it  under  pressure  so  as 
to  wash  tho  filter.  All  matter  forced  out  of  the  filter  in  this  way 
will  mingle  with  the  water  in  the  reservoir.  A  10-inch  waste  pipe 
is  laid  beneath  the  dam  to  provide  for  emptying  the  reservoir  when 
necessary,  and  to  waste  the  dirty  water  at  times  when  the  filter  is 
being  cleaned. 

North  Pond  is  located  at  the  head  of  the  middle  branch  of  the 
Swift  River,  and  originally  had  an  area  of  about  sixty  acres.  The 
area  and  storage  capacity  of  the  pond  have  been  greatly  increased 
by  the  construction  of  two  dams,  raising  the  surface  of  the  pond  to 
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for  shutting  off  the  reservoir  from  the  rest  of  the  system  and  pump- 
ing water  directly  to  the  town  if  necessary.  The  distributing  mains 
are  of  cast  iron ;  service  pipes  are  of  galvanized  iron. 


Chemical  Examinaiion  of  Water  Jrom  Coolidge  Brook,  Orange, 

[ParU  per  100,000.] 
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Iron,  .0150.    Odor,  very  faintly  vegetable. The  sample  was  collected  from  a  faacet  in  Orange^ 

sappUed  from  Ck>olidge  Brook. 


MiaeelUuMOiaa,  Zodglaot  1. 


Microscopical  ExamiruUion, 


Chemical  EzamiiuUion  of  Water  from  North  Pond,  Orange, 

[ParU  per  100,000.] 
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Iron»  .0140.    Odor,  very  faintly  vegetable.  —  The  sample  was  collected  from  the  pond. 


Microscopical  Examination. 

Diatomaeeaa,  Atterionella,  94;  Cocamema,  1;  Cfyclotellat  13;  IHatama,  1;  Spithemia,  1;  (3^ro- 
•Y^mo,  1;  JfetoHra^  292;  Meridian,  1;  Synedra^  5;  TaMlariat  14.  CyanophycesB,  MerUmopediat  10. 
Algae,  Cbn/eroa,  1;  Oosmarium,  1;  Protococcu9t  20;  Baphidium,  10;  Staurattrumt  8.  Infusoria^ 
DliioftryKm  oa«««»  8.  Vermes,  ilnur«a,  1.  Crustacea,  Daphnia,  .01.  Miscellaneoos,  Zodglaa,  84. 
Total,  556. 
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FALMBR. 

Water  Supplt  or  Palmer  Fire  District,  Palmer.  —  Palmer 

Water  Company. 
Chemical  ExamiwUion  of  WiUerfrom  the  Worka  of  the  Palmer  Water  Company. 
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Microscopical  Examination. 


I.  IMIl.  Di»loin«c*a,  Ootamema.  1;  CjcJa 
nria,  3.  Alie.  CHifnoriuai,  1;  /MfoUruA. 
Pliiobrj/on  catci,  lOS;  Arldliilum,  72.    Vei 


Chemical  Examtnaiion  of  Water  from  Little  Sandy,  Stetson's,  Oldham  and  Furtiaee 

Ponds  ajid  Silecr  Lake,  Petnliroke. 

[P»ru  per  100,000.] 
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FEMBBOKS. 

Microscopical  Examination  of  Water  from  Little  Sandy,  Stetson^  Oldham  and 

Furnace  Ponds  and  Silver  Lake,  Pembroke. 

[Number  of  organisms  per  enble  eentlmeter.] 
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May. 
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DlnobryoQ  caaea 

Eneyetod  Protozoa,    .... 

Monaa, 

Paridinlum 

Vermes, 

Anurea, 

Monocerca, 

Crustacea,  Cyelopa,   .... 
JiUceUaneout,  Zodgloea 


1 
10880 


1 
10831 


1 
10836 


1 
10380 


1 
10887 


110 

2 
0 
0 
0 
0 
2 
0 
0 
2 
2 
0 
100 
2 


2 

0 
0 
0 

1 

0 
292 


111 

70 
0 
0 
1 

82 
0 
0 
0 
0 
0 
0 
0 
2 


0 
0 
0 
0 
0 
1 
0 


21 

2 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

11 

8 


1 

0 
0 
0 
0 
0 
0 


20 
5 

1 
1 

0 

1 

0 

1 

0 

1 

0 
0 
7 
8 


M 

6 
10 
0 
80 
0 
0 
1 


8 


195 

10 
0 
0 
0 
0 
0 
0 
104 
1 
0 
1 
2 
2 


0 
0 
0 
0 
0 
0 
0 


0 
0 
00 
0 
8 


8 

8 
0 


0 
1 
0 
0 
0 


1 
1 


152 


10 


0 
2 
0 
1 
1 


1 
0 


It 


1 
0 
0 
0 
2 


1 
0 


.00 


0 

0 
0 
0 
0 


0 
0 


Total, 


030 


125 


40 


179 


195 


PLrTMOTTTH. 

Water  SnppLr  op  Plymocth. 
In  the  early  part  of  1893  the  organism  Uroglena,  which  was 
present  in  considerable  numbers  in  1892,  made  its  appearance  in  the 
water  of  Little  South  Pond,  and  was  very  abundant  in  the  first  part 
of  February.  It  had  entirely  disappeared  by  the  end  of  March  and 
is  said  not  to  have  been  noticed  again  during  the  remainder  of  tEie 
year.  A  description  of  this  organism,  and  its  effect  upon  the  taste 
and  odor  of  water,  was  given  in  the  Twenty-third  Annual  Keport  of 
the  State  Board  of  Health,  pages  645-658. 


Chemical  Examinalion  of  Water  Jrm 


LiUk  South  Pond,  Plymouth. 
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Mioroscopical  Examination. 

No.   WSS.    InfnaorU,  Cmftoui.Taryabiindint. 
Ho.  lOlIS.    MlaoeUaiteoiu,  ZoSaima,  4. 


Water  Supplt  of  Provincetown. 
Population  in  1890,  4,()24.  The  works  are  owned  by  the  town, 
and  were  completed  in  1893.  The  supply  is  taken  from  a  system 
of  six  tubular  wells  located  about  three-fourths  of  a  mile  north  of  the 
centre  of  the  village.  The  wells  are  five  inches  in  diameter,  average 
twenty-eight  feet  in  depth,  and  are  the  same  that  were  used  during 
a  pumping  test  made  in  1892.  The  material  in  which  the  wells  were 
sunk  is  loose  sand,  which,  like  other  sand  in  this  region,  contaiDS 
more  or  less  organic  matter.  The  extreme  wells  are  about  four  hun- 
dred feet  apart  in  an  easterly  and  westerly  direction,  and  two  hun- 
dred feet  in  a  northerly  and  southerly  direction.  Water  from  the 
wells  is  pumped  to  a  covered  iron  tank  twenty-eight  feet  in  diameter 
and  one  hundred  feet  high,  and  is  distributed  thence  to  the  town. 
In  order  to  aerate  the  water,  the  force  main  is  carried  vertically  up 
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iDside  the  tank  to  its  top,  and  is  provided  with  a  wide  flange  over 
which  the  water  falls  in  a  thin  sheet.  The  distributing  mains  are  of 
cast  iron ;  service  pipes  of  wrought  iron  lined  with  cement. 

Extended  references  to  the  character  of  this  water,  which  differs 
from  other  ground  waters  in  the  State,  may  be  found  in  the  annual 
report  of  the  State  Board  of  Health  for  1892,  pages  41-44  and 
214-218. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  of  the  Provinceiown 

Water  Works. 

[Parts  p«r  100,000.] 
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Odor,  of  No.  11406,  faintly  Tegetable;  of  the  remainliig  Mmples  none;  on  heating  the  odor  of  all 
tbe  Munplee  was  faintly  Tegetable. The  samples  were  ooUectea  from  a  fancet  at  the  pumping  station. 


Microscopical  Examination  of  Water  Jrom  the  Tubular  Wells  of  the  Provinceiown 

Water  Works, 
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QXJINCT. 


Water  Supply  of  Quincy. 


Chemical  Examination  of  Water  from  Town  Brook  jvM  above  the  Storage 

Reservoir  of  the  Quincy  Water  Works, 

[Parts  per  100,000.] 
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ArPBASAiros. 


t 


«2 

a 


I 


V.sUght. 

None. 

Slight. 

V.tllght. 

V.  slight. 

V.sUght. 

V.  slight. 

Slight. 

V.sUght. 

None. 

V.  sUght. 


SUght. 

V.sUght. 

SUght. 

Slight. 

SUght. 

Slight. 

V.sUght. 

SUght. 

Slight. 

V.sUght. 

SUght. 


0.50 
0.55 
0.70 
0.75 
2.00 
1.90 
0.70 

l.OO 

i 
0.80 

0.50 

0.85 


RaaiDUB  ON 
Eyafora- 

TIOK. 


3 

o 


4.65 
8.80 
3.40 
8.55 
4.25 
5.20 
4.45 
6.05 
6.40 
4.60 
4.55 


0.98  4.58 


e 
o 


1.45 
1.20 
1.25 
1.60 
2.10 
2.90 
1.85 
2.15 
2.10 
1.00 
2.80 


1.81 


AmfomA. 


Albuminoid. 

■ 

1 

1 

I 

1 

1 

il 

h 

H 

O 

OQ 

.0044 
.0000 
.0032 
.0008 
.0004 
.0000 
.0006 
.0000 
.0008 
.0056 
.0000 


.0014 


.0154 
.0098 
.0152 
.0148 
.0272 
.0300 
.0104 
.0150 
.0134 
.0120 
.0160 


.0168 


.0134 
.0080 
.0186 
.0122 
.0250 
.0252 
.0190 
.0135 
.0086 
.0076 
.0140 


.0140 


.0020 
.0018 
.0016 
.0026 
.0022 
.0048 
.0084 
.0015 
.0048 
.0044 
.0020 


o 
c 

1 


.0028 


.00 
.68 
.49 
.61 
.51 
.46 
.53 
.60 
.68 
.09 
.56 


NiTBOOBK 


I 

e 


.57 


8 


.0280 
.0800 
.0100 
.0050 
.0120 
.0030 
.0060 
.0050 
.0150 
.0050 
.0080 


B 

D 

e 

6 

e 

s> 

K 
M 

o 


.0110 


.0002 
.0001 
.0000 
.0000 
.0000 
.0000 
.0002 
.0001 
.0004 
.0002^ 

I 

•0000; 


.522711.4 
.4860,1.1 
.62560.5 
.68980.8 
l.S375t0.8 


1.4773 


1.2728 
.7268^.6 

.41040.9 


0.^ 
1.1 


.5375 


1.8 


.8S4S0.8 


.0001 


.7928  0.8 

I 


Averages  oj  Analyses  of  Previous  Tears. 


1887* 

- 

- 

0.50 

5.80 

1.50 

Loooo 

1888t 

- 

- 

0.45 

3.64 

1.05 

.0001 

1 

1889 

- 

- 

1.21 

4.61 

1.87 

.0018 

1 

1890 

- 

- 

0.73 

5.22 

2.17 

.0024 

1 

1891 

- 

- 

0.72 

4.22 

1.50 

.0004 

1892 

mm 

- 

0.87 

4.57 

1.56 

.0041 

1893 

- 

- 

0.98 

4.53 

1.81 

.0014 

.0133 
.0122 
.0239 
.0187 
.0156 
.0191 
.0168 


- 

- 

1 
,.65 

- 

- 

.54 

.0203 

.0086 

.48 

.0155 

.0032 

.52 

.0132 

.0024 

.49 

.0159 

.0082 

.55 

.0140 

.0028 

.57 

.00801  - 


1.0070 
1.0073 
1.0125 


.0006 
.0001 
.0002 


.01121.0001 
.01141.0001 
.0110^.0001 


-  1.8 

-  |0.7 

-  [0.8 

.729S0.8 

I 


♦  October. 


t  November  and  December. 


NoTS  to  analyses  of  1893;  Iron,  .0153.    Odor,  generaHy  distinctly  vegetable  and  often  grasAy  or 

sweetish,  becoming  somewhat  stronger  on  heating. The  samples  were  collected  from  the  brook 

above  the  reservoir. 

Microscopical  Examination, 

The  greatest  number  of  organisms  per  cubic  centimeter  found  in  any  of  the  samples  oollected  Ib 
1893  was  198,  In  April;  the  smallest  number,  1»  in  March;  and  the  average,  62. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES.  267 


QUINTCY. 

Chemicixl  Examinaiion  of  Water  from  the  Storage  Reservoir,  Quincy, 

[Parts  per  100»000.] 


i 

s 

a 


§ 

I 

o 

O 
« 


Appbaiavox. 


t 


«1 

a 

8 


6 


Mse 

10080 
10194 
10B18 
104&1 


ists. 

Jan.  30 1  V.sUght. 

Feb.  28 1 :  Nooe. 

|l 
Mar.80|  Slight. 

Slight. 


Apr.25 

May  25 1|  Deeidad. 

106«.Jime26  jDeaidad. 

lOm  JnIy25,lDlatliiGt. 

10000.  AQg.2S  '  Decided, 
I  'i      green. 

110041 8ept.35 1;  Diatlnct. 


llStt 
11805 
11533 


At. 


Oct.  23 


Dietlnet. 


NoT.27  ,  DietiDCt. 


Dee. 20,  Blight, 
clayey. 


V.tUght. 

V.eUght. 

Slight. 

Cone. 

Ckine. 

Ck>nt., 

yellow. 
Cone., 

green. 
Slight, 

rnety. 
Gone., 

brown. 
Cons., 

green. 
Slight. 

SUght. 


0.66 
0.60 
0.80 
0.46 
0.00 
0.80 
0.76 
0.80 
0.00 
0.43 
0.48 
0.40 


0.66 


Bbsidck  on 

EVAPOBA- 
TIOH. 


1 


6.10 
4.00 
8.30 
3.00 
8.16 
8.60 
3.66 
3.06 
8.16 
4.70 
8.80 
3.06 


a 
o 


11 


3 


8.81 


1.90 
1.60 
1.16 
1.86 
1.00 
1.26 
1.60 
1.90 
1.26 
2.06 
1.26 
1.36 


1.61 


AXMOHIA. 


Albnminold. 

. 

• 

• 

1 

s 

"3 

s 

a 

h 

H 

a 

oo 

.0140 
.0002 
.0024 
.0028 
.0004 
.0010 
.0000 
.0014 
.0000 
.0026 
.0240 
.0140 


.0062 


.0196 
.0102 
.0180 
.0148 
.0218 
.0824 
.0804 
.0238 
.0264 
.0244 
.0276 
.0178 


.0218 


.0172 
,0074 
,0106 
.0106 
.0184 
,0224 
.0248 
.0186 
.0218 
.0178 
.0214 
.0160 


.0172 


.0024 
.0028 
.0024 
.0042 
.0034 
.0100 
.0066 
.0062 
.0086 
.0066 
.0062 
.0028 


.0046 


9 
6 

i 


.66 
.66 
.63 
.62 
.46 
.60 
.<W 
.68 
.68 
.66 
.69 
.66 


.61 


NiTBOOBX 

as 


.0800 
.0220 
.0160 
.OlOQ 
.0180 
.0060 
.0080 
.0000 


.0001 
.0000 
.0001 
.0000 
.0000 
.0001 
.0001 
.0000 


.0030  .0001 


.0060 
.0060 
.0090 


.0104 


.0001 
.0008 
.0001 


.0001 


■s 

8 

a 


.6476 
.6866 
.8368 
.4270 
.6612 
.6727 
.6082 
.6609 
.6668 
.8724 
.6081 
.6362 


.6062 


1.7 
l.l 
0.6 
0.3 
0.6 
0.0 
0.0 
0.6 
0.6 
0.8 
0.6 
0.6 

0.8 


Averages  of  Analyses  of  Previous  Years, 


- 

I 
1888*  , 

. 

. 

0.60 

3.96 

1.18 

.0080 

.0178 

.0132 

.0046 

1 
.68 

.OIW) 

.0003 

. 

- 

- 

1880 

- 

- 

0.92 

3.76 

1.19 

.0116 

.0303 

.0238 

.0066 

.68 

.0087 

.0003 

- 

- 

- 

1800 

- 

- 

0.70 

4.66 

1.76 

.0086 

.0249 

.0178 

.0071 

.64 

.0166 

.0002 

- 

1.8 

- 

1801  , 

- 

- 

0.70 

8.97 

1.60 

.0027 

.0274 

.0178 

.0096 

.60 

.0100 

.0000 

- 

0.7 

- 

I8DS  i 

- 

- 

0.62 

4.07 

1.41 

.0061 

.0287 

.0176 

.0062 

.61 

.0098 

.0001 

- 

0.0 

1803  1 

- 

- 

0.66 

8.81 

1.61 

.0062 

.0218 

.0172 

.0046 

.61 

.0104 

.0001 

.8062 

0.8 

*  November  and  December. 


KoTB  to  analysea  of  1883;  Iron,  .0266.  Odor,  vegetable  and  occasionally  unpleasant  or  monldy,  be- 
coming eomewliat  atronger  on  heating.  —-The  samples  were  collected  from  the  reservoir  near  the  snr. 
^Me  in  the  vicinity  of  the  gate«honse.    Many  dead  fish  came  ashore  in  June. 
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QUTNCY, 

Microscopical  Examination  of  Water  from  the  Storage  Reservoir^  Quincy, 

[Namber  of  organlBxna  per  oabic  oentimeter.] 


1898. 

Ftt). 

Mar. 

Apr. 

Apr. 

May. 

June. 

Jnly. 

Aug. 

SepL 

Oct 

Not. 

Dec 

Day  of  esamiDatioDi 

2 

1 

1 

27 

26 

27 

26 

30 

28 

26 

28 

23 

Number  of  sample, . 

0966 

10060 

10104 

10818 

10461 

10662 

10608 

10000 

11004 

11240 

11805 

11538 

PLANTS. 

Diatoxnaoeee,    . 

pr. 

2 

4 

188 

148 

1,105 

86 

8,001 

2,402 

8,880 

157 

i,osr 

Asterionella,     . 
Cydotella, . 
Synedra,    . 
Tabellarla, 

0 
0 

0 
2 
0 
0 

0 

0 

pr. 

4 

7 
52 
48 
26 

8 

0 

24 

122 

24 

1 

0 

1,080 

72 
0 

4 
0 

8,000 
0 
0 

1 

0 

2 

0 

2,400 

0 

0 

0 

3,080 

18 

0 

128 

11 

3 

0 
1,060 

4 

Oyanophyce», 

0 

0 

0 

0 

88 

78 

15 

100 

0 

8 

0 

0 

Anabsna,  . 
Clathrocyatis,    . 

0 
0 

0 
0 

0 
0 

0 
0 

82 

4 

60 
18 

0 
16 

32 
68 

0 
0 

0 
8 

0 
0 

0 
0 

AlfiTCD,     .... 

0 

0 

14 

1 

8 

288 

4 

0 

0 

5 

8 

65 

Pandorlna, 
Raphidlum, 
Staurastmm,     . 
Zoospores, 

0 
0 
0 
0 

0 
0 
0 
0 

0 

0 

0 

14 

0 
0 

1 
0 

0 
0 

1 

6 

206 
0 
0 
0 

0 
0 
8 

1 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

4 
1 

0 
8 
0 
0 

0 
64 

0 

1 

FunfiTlf  Crenothriz, 

pr. 

0 

0 

0 

14 

0 

0 

0 

0 

0 

0 

0 

ANIKALS. 

p 

Bhizopoda, 

25 

1 

1 

0 

2 

8 

1 

1 

1 

0 

0 

0 

Actinopbrys,     . 
Dlfflagla,   . 

25 
0 

1 

0 

0 

1 

0 
0 

0 
2 

0 
8 

1 

0 

1 

0 

0 

1 

0 
0 

0 
0 

0 
0 

InftiBoria,  . 

58 

8 

88 

8 

188 

18 

221 

218 

15 

12 

21 

5 

Ciliated  Infasorlan,  . 
Dinobryon, 
DlDobrron  cases,      . 
Oleaodlnium,    . 
Monas,               .       . 
Peridlniam, 
Bynnra, 

Trachelomonas, 
Vortloella,  • 

^'6 
0 
0 
0 

58 
0 
0 
0 

0 
0 
0 
0 
0 
8 
0 
0 
0 

0 

11 

0 

0 
0 
28 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 

2 

104 
28 
0 
1 
1 
80 
0 
2 

0 
0 
0 
0 
0 
2 
0 
4 
10 

0 
0 
0 
0 
0 
220 
0 
1 
0 

0 
0 
0 
0 
0 
212 
0 
4 
0 

0 
0 
0 
0 

1 
11 

0 
8 
0 

0 
0 
0 
8 
0 
4 
0 
0 
0 
1 

1 
0 
0 
0 
0 
20 
0 
0 
0 

0 
0 
0 
0 
0 
6 
0 
0 
0 

Vermes, 

0 

pr. 

0 

pr. 

1 

0 

2 

0 

0 

0 

0 

0 

Polyarthra, 
SaccQlns,  • 

0 
0 

0 
pr. 

0 
0 

0 
pr. 

0 

1 

0 
0 

2 
0 

0 

0 

0 
0 

0 
0 

0 
0 

0 
0 

MUceUaneou9,  ZoSglosa, 

8 

0 

42 

170 

1 

0 

0 

480 

600 

180 

128 

6  '    112 

1 

Total, 

86 

11 

100 

818 

876 

1,408 

788 

8,018 

2,678 

3,828 

187    1,269 
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QUINCY. 

Chemical  Examination  oj  Water  from  the  Surface  and  from  near  the  Bottom  of  the 

Quincy  Storage  Reservoir. 

m 

[Parts  per  100,000.] 


• 

a 
?       ' 

a 

Apfbak^kcs. 

Ubsiddb  ok 

EVAPO  RA- 
TIOS.         ' 

Ammokia. 

1 

s 

.60 

NlTBOOSM 
▲B 

i 

s 

o 

!l 

M 

1    o 
1.4024 

•3 

1 

H 

« 

B 

? 

1 

Albamlnoid. 

• 

1 

■ 

S 

5 

1 

5 

1 

s 

.1 

CO 

189S. 

10489,  June  8 

1 

DlcUnet. 

Oons. 

o.eo 

3.66 

1 

1.80 

1 

1 

1.0000 

.0232 

.0180 

.0046 

.0080 

.0002 

0.8 

10500,  jQn«  8 

1 

Dlctind. 

Cons. 

0.80 

!  4.00 

1 

1.00 

|. 0342  .0200 

.0162 

.0008 

.58 

.0050 

.0012 

:.432l 

0.6 

Iron  in  the  first  sample,  .0115;  Id  the  second  sample,  .0500.  Odor,  faintly  vegetable,  becoming 
mneh  stronger  on  heating.— The  samples  were  collected  from  the  reserroir  aboat  fifty  feet  from  the 
gate-house  at  a  point  where  the  water  was  aboat  thirty  feet  deep ;  the  first  sample  was  collected  near 
the  surface  «nd  the  last  near  the  bottom. 

Microscopical  Examination, 

No.  10480.  DIatomacen,  ^s^roAf //a,  16;  7afrW/ar<a,  240.  Cyanophycen,  OS{aMrocv«^>  22 ;  Oa/o- 
tphartwnt  1.  AlgsD,  Chlorococeu»t  6;  Pediattrum^  1;  Scenedetmut,  1;  Staurantrum,  I;  ZoCaporett  !• 
Infusoria,  IHnobryon  catetf  14;  Monatt  1;  PeHdinium,  2;  Synura,  7;  Vorticella,  8.  Miscellaneons, 
Zooglaa,  7.    Total,  827. 

Xo.  lOMO.  Diatomaees,  Tabellaria^  4.  Fungi,  OrtnoihriXt  3.  Infusoria,  Dinobryon  ca»et,  4; 
McmoM,  1.    Miscellaneous,  Zooglaa,  58.    Total,  70. 


Table  showing  Heights  of  Water  in  the  Storage  Reservoir  of  the  Quincy  Water 
Works  on  Dates  when  Samples  of  Water  were  collected  Jor  Analysis. 

[High- water  mark  is  86.71  feet  above  city  base.] 


Jan.  80, 
Feb.  28, 
Mar.  80, 
ApiU25, 
June  20, 
July   25, 


1S»S. 


IL&NUUl'fM  AND  HULBBUOK. 

Watbb  Supply  of  Randolph  and  Holbbook. 
Chemical  Examination  of  WaUrJrom  Oreat  Fond  in  Randolph  artd  Braisttree. 


1 

1 

AP»»^.. 

■^■ 

»»i=^ 

.M 

Biraoani 

i 

1 

1 

1 

i 

r 

1 

1 

1 

1 

1 

1 

1 

4 

i 

JU.M 

Apr.M 

BUtht. 
V.SltghC. 
V..llgtit. 
V..ll|hl. 

!:S 

4.M 

jl 

.0000  .OlM 

iooei 

:X 

i 

.ooso.oooo 

!oo3o!oooo 

'.an 

,., 

— 



- 

— 



..._ 

— 

— 

- — 

z= 

of  Ills  an 
oollteiwl 


tiro  Hmplea  dlatlnollr  Tamubls ;  o!  (he  lut 
dlrvolJj  tram  QiittX  Pond,  tha  rsmnlDlag  «i 


— Tbe  am  u 

Rimdolph  and  Ualbrook. 

Microacopical  Examiitatitm. 

The  toul  DDDiber  of  ortanlaou  p*r  epblo  MDtlraMar  foDnd  In  tbaaa  BunplM  nrlad  from  ooot  to  H 
uulavaiacad  7. 

Water  Supply  of  Readinq. 
Chemical  Examination  of  Wattrfrom  the  Filter-gallery  of  the  Beading  Water  Work). 

(P«i1a  per  100,000.] 


ATPIUARCa. 

§1 

AM..0.1A. 

j 

,„^.. 

1* 

j 

1 

1 

1 
1 

1 

1 

} 

1 

1 

1 

«8W 

0984 

loosz 

1022S 

!S 

JOTM 
lllW 
lUM 

I8M. 

Jan.   10 

Fab.     T 

J™  I 

Aog.    9 
Sept.  n 
OM.     « 
Not.    » 
Dao.     & 

Decided. 

ffit, 

€:: 

eiigbi. 

DiSin«; 

milky. 

D)■UDe^ 

D^'uil^ 

roatj. 

Oon™"'' 
V.all'gbt. 

Sllgbi, 

V..']"b^'. 
V.iHgbl. 

V..Hgli.. 

Biiehi, 

nulj. 

COEU.. 

vhlla. 
Ha.y,. 
rnity. 

o.« 
oiw 

O.M 

s.flo 

T.M 
8.00 

T.90 

8.80 

£!.«> 

la.BO 

.0048 

■OOM 

iooss 

.0018 

00S2 
.0048 

.0000 
.0048 

.0008 
.0184 

:0078 
.0102 

.oiso 

.0088 
.OOM 

.oou 

.0088 

.40 
.SI 

,70 

.88 

.88 

-to 

.0050 

!oo«) 

:I 

.0000 

.0000 
.0000 

.0000 

.0000 

.0001 

.0000 

.0001 

,0000 
,0001 

'.mi 

.4891 

z 

3.6  .lao 

8.1   .«>» 

a.i  l.t» 
S.I  .0100 

8.8  .04» 
S.1   .OSH 

••4- 

Av.. 

o.« 

10.08 

.0014 

.one; 

.M 

.OBKI 

.0001 

^ 

s.«  [.tnl 
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RISABING. 

This  water  offers  a  good  instance  of  the  effect  of  a  marshy  soil  on 
the  character  of  the  water  percolating  throagh  it.  The  organic  mat- 
ter of  the  soil  consames  the  free  dissolved  oxygen  in  the  water  and 
reduces  the  insoluble  iron  salts  to  the  condition  of  protoxide,  so  that 
iroD  passes  into  solution  in  the  water.  On  exposure  of  the  water  to  the 
air  the  iron  is  again  oxidized,  forming  first  a  precipitate  which  gives  the 
water  a  milky  appearance  and  ultimately  settles  as  a  rusty  sediment. 
CJonditions  in  some  respects  similar  to  those  at  Reading  are  found  in 
Provincetown,  Bradford  and  Watertown,  and  were  found  in  the  test 
wells  at  Attleborough  (see  Twenty-third  Annual  Report,  1891). 

The  determinations  of  turbidity  and  color  in  waters  of  this  kind 
do  not  have  the  same  significance  as  in  surface  waters,  but  they  are, 
nevertheless,  of  interest  as  showing  a  condition  which  the  water  may 
assume,  and  are  therefore  given  in  the  table. 

Microscopical  Examination  of  Water  from  the  FiUer-gaUery  of  the  Reading 

Water  Works. 

[Number  of  organisms  per  enbie  oentlm«tor.] 


IMS. 

Jan. 

Feb. 

Mar. 

Apr. 

May. 

June. 

Jaly. 

Anff. 

Sept 

Oct. 

Nov. 

Dec. 

Day  of  ezaminaaoD , 
Vomber  of  Mmple,  • 

12 
0600 

0 
WSi 

8 
10062 

12 
10S26 

11 
10877 

0 
10401 

8 
10610 

10 
107M 

12 
11001 

10 
11166 

11 
11820 

0 
11464 

PLANTS. 
Fungi,   .... 

CroDotluIz, 

Molds,       .       .       . 

• 
0 

4,884 

4,864 
0 

0 

0 
0 

728 

728 
0 

2,120 

2,120 
0 

pr. 

0 
pr. 

780 

780 
0 

15,200 

15,200 
0 

81 

81 

0 

76 

76 
0 

820 

820 
0 

MltceOamwtu,  Zo'dgloea, 

0 

0 

17,160       0 

0 

0 

8 

400 

60 

4,000    1|860 

Total, 

* 

4,864 

17,100 

728 

2,120 

pr. 

788 

16,600 

111 

4,076  ;  1,680 

*  CroDOthrlz  too  fine  and  too  abnndant  to  oooni. 


Water  Supply  op  Revere  and  Winthrop.  —  Revere  Water 

Company. 

This  company  obtains  part  of  its  supply  from  wells  in  Revere  and 
part  from  wells  in  Saugus.  During  the  year  1893  there  was  a  sud- 
den and  very  decided  increase  in  the  quantity  of  chlorine  present  in 
the  water  of  the  wells  located  at  Revere,  as  shown  by  the  analyses  on 
the  following  page,  accompanied  by  a  corresponding  increase  in  resi- 
due on  evaporation  and  in  hardness.     This  deterioration  in  the  char- 
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BEVBBIE. 

Microscopical  Examination  oj  Water  from  the  Wells  of  the  Revere  Water  Company^ 

at  Revere  —  Concluded. 

[Number  of  orgmniams  per  cublo  centimeter.] 


* 

ISftS. 

Feb. 

Apr. 

Jane. 

Ang. 

Oct. 

1 

Not. 

Dec. 

ASniAlA. 

InftiBoiia*  .... 

0 

0 

0 

488 

0 

pr. 

0 

HODM,      .... 
Perldlnlnm, 

0 
0 

0 
0 

0 

0 

40 
448 

0 
0 

^'i 

0 
0 

Vermes,     .... 

0 

0 

0 

5 

0 

0 

0 

Anarea,     .... 
BotAtorian  ota. 

0 
0 

0 
0 

0 
0 

4 
1 

0 
0 

0 
0 

•      0 
0 

MUeellaneous,  ZoCgloM, 

i          14 

0 

0 

1 

1       » 

♦ 

8 

0 

TOTAI.,       .... 

19 

0 

0 

t 

I          898 

1 

IT 

10 

0 

Chemicdl  Examination  of  Water  from  Tubular  Wells  of  the  Revere  Water  Com- 
pany, at  Cliflondcite,  Saugus, 

[ParU  per  100,000.] 


a 


10006 
10254 
10525 
10S47 
11206 
11496 


At. 


a 
o 


appbahahob. 


^8 

a 


•5 


ISOS. 

Feb.  13  i 
Apr.  13 
Jane  16 
Aug.  16 
Oct.  14 
Dee.     7 


c 

s 


a 


None. 

None. 

V.  slight. 

Slight. 

None. 

None. 


V.  slight. 

None. 

Blight. 

Slight. 

V.  slight. 

None. 


s  ■( 

s.  > 

m 
X 


0.00 
0.00 
0.01 
0.00 
0.00 
0.00 


0.00 


10.40 
12.20 
13.00 
14.10 
12.80 
13.10 


AmcOKlA. 


! 


.0000 

.0000 

,.0004 

1.0010 

;.oooo 

.0000 


12.60  I  .0002 


o 
c 


s 


.0020  1.66 
.0012  1.12 
.0022  I  1-74 
.0004  .  1.13 
.0000  |l  1.18 
.0000      1.11 


.0010  '  1.82 


.0480 

.0100 

1 
.0322 

6.8 

.1000 

.0125  ' 

.0182 

6.7 

.1000 

.0090 

.0167 

6.1 

.0750 

.0032 

.0078 

6.7 

.1000    .0065 

.0445 

6.9 

.1000 

.0060 

.0320 

6.0 
6.4 

.0872 

.0079  . 

.0252 

.0000 
.0040 
.0000 
.0100 
.0080 
.0000 


.0037 


Averages  of  Analyses  of  Previous  Tears. 


0.00  '  11.50  11.0018 
0.01  ,'  11.65  ii.OOOO 
0.00     12.60  !  .0002 


0.88 
1.16 
1.32 


.0100 

.0000 

6.3 

.0123 

.0036 

. 

1  6.0 

.0116 

.0872 

.0079 

.0262 

'  6.4 

1 

.0087 

*  September. 

Note  to  analyses  of  1893:  Odor,  none.    In  Jane  a  faintly  unpleasant  odor  was  deTeloped  on  heat> 
Ing. The  samples  were  collected  from  a  faucet  at  the  pumping  station  at  Gllftondale,  Saugus. 

Microscopical  Examination, 

No.  10008.    FangI,  Crtnothrix^  4. 

No.  10626.    Miscellaneous,  ZoSglaa,  3. 

No  organisms  were  found  in  the  remaining  samples. 
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SAI^EM  ANI>  BEVERLY. 

Water  Supply  of  Salem  and  Beverly. 

The  advice  of  the  State  Board  of  Health  to  the  city  of  Salem, 
with  refercDce  to  increasing  the  joint  water  supply  of  Salem  and 
Beverly,  by  diverting  the  waters  of  Longbam  Meadow  Brook  and 
of  the  brook  flowing  from  Beaver  and  Norwood's  Ponds  into  Wen- 
ham  Lake,  may  be  found  on  page  47  of  this  volume.  Analyses  of 
samples  of  water  collected  from  the  proposed  sources  are  given  in 
the  tables  on  pages  277  and  278. 

Chemical  Examination  of  Water  from  Wenham  Lake^  in  Beverly  and  Wenham, 

[Paru  per  100,000.] 


a 

B 

as 


& 

2 


08U 
10106 
10222 
10S56 
10182 
10685 
10608 
10006 
11135 
11280 
11455 


At. 


IMS. 

Jtn.lO 

Iffar.  0 
Apr.  7 
IfBf  8 
Jnne  6 
Jaly  10 
Aug.  16 
Sept.  0 
Oet.  4 
KoT.  6 
I/eo.  6 


AppBAmuroB. 


3 
I 


BUcht. 

V.aHghi. 

Dletlnet, 
green. 
Slight. 

Bttght. 

Slight, 

greeo. 
Dletlnet. 

Blight. 

Slight. 

SUght. 

Slight. 


e 
i 


6 


Slight. 

V.elight. 

BUght. 

SUght. 

SUght. 

SUght. 

SUght, 

green. 
SUght, 

green. 
SUght. 

Blight. 

SUght. 


0.02 
0.04 
0.08 
0.03 
0.08 
0.06 
0.02 
0.02 
0.06 
O.OS 
0.08 


Bbaidcb  om 

EVAPOBA- 
TIOH. 


6.20 
6.26 
6.06 
6.60 
6.66 
6.40 
6.00 
6.66 
6.86 
6.76 
6.20 


0.04  I  6.40 


1.00 
1.60 
0.76 
1.20 
1.86 
1.00 
1.46 
1.86 
1.00 
1.00 
1.26 


1.26 


Ammoxxa. 


i 


Albnmlnold. 


I 


.0000 
.0060 
.0062 
.0016 
.0020 
.0024 
.0000 
.0022 
.0024 
.0096 
.0060 

.0088 


.0120 

.ooes 

.0168 
.0098 
.0136 
.0116 
.0172 
.0148 
.0116 
.0166 
.0112 


.oiao 


s  e. 

00 


.0104 
.0084 
.0128 
.0068 
.0112 
.0100 
.0102 
.0104 
.0102 
.0114 
.0078 


.0100 


.1)016 
.0014 
.0080 
.0080 
.0024 
.0016 
.0070 
.0044 
.0014 
.0042 
.0034 


.0080 


6 

% 

Si 

S 


.80 
.84 
.74 
.76 
.70 
.76 
.76 
.76 
.76 
.77 
.76 


.77 


NlTBOOBK 
A8 


I 


s 


.0160 
.0000 
.0100 
.0120 
.0100 
.0000 
.0000 
.0000 
.0000 
.0060 
.0020 


.0066 


.0000 
.0001 
.0006 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0001 


1 


I 

a 

g 


.1680 
.0900 
.1460 
.1423 
.2618 
.1808 
.1833 
.1826 
.1640 
.1060 
.1131 


.0001  .1606 


i 


2.8 
2.7 
2.8 
2.2 
2.8 
2.6 
2.6 
2.6 
2.7 
2.0 
2.7 

2.6 


Averages  of  Analyses  of  Previous  Years, 


m 

1887* 

- 

- 

0.06 

4.73 

0.82 

.0026 

1 

.0136 

- 

- 

.72 

.0010 

- 

- 

- 

- 

1888 

- 

- 

0.06 

4.67 

0.07 

i.0020 

.0146 

- 

- 

.78 

.0068 

.0001 

- 

- 

- 

1889 

- 

- 

0.06 

1 

4.23 

1.06 

.0014 

.0173 

.0138 

.0036 

.72 

.0052 

.0002; 

- 

- 

- 

1800 

- 

- 

0.06 

4.67 

0.00 

;.0016 

.0164 

.0126 

.0020 

.74 

.0104 

.0001 

- 

2.6 

- 

1891 

- 

- 

0.07 

4.70 

1.12 

.0006 

.0147 

.0113!. 0034 

.72 

.0126 

.0000 

- 

1.0 

- 

1892 

- 

- 

0.03 

4.86 

1.10 

.0016 

.0137 

.0103 

.0034 

.76 

.0077 

.0000 

- 

2.2 

- 

1808 

- 

- 

0.04 

6.40 

1.26 

.0083 

1 

.0130 

.0100 

.0030 

.77 

I 

.0065 

.0001 

.1605 

1 

2.6 

*  June  to  December. 

NoTB  to  analyeee  of  1898 :  Iron,  .0062.  Odor,  Teoetable  and  freqaently  onpleatant,  becoming  stronger 
on  baating  and  ■oraetimes  moaldy.— —  The  first  two  sainples  were  eolleoted  from  fancete  at  the  pnmp- 
iBg  itation ;  the  remaining  samples  from  the  lake  near  the  inlet  pipe  of  the  Salem  Water  Works. 
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SAIiEM  ANI>  BEVERLY, 

Table  shomng  Heights  of  Water  in  Wenham  Lake  at  Times  when  Samples  of 

Water  were  collected  jor  Analysis, 

[Note. — High- water  mark  Is  30.17  feet.] 


Ju.  10, 
Mar.  ft, 
Apr.  T, 

Jane  6, 
July  10, 


Date. 


18MI. 


Height  of 
Water. 


Feet. 
20.02 


20.06 
22.00 
23.87 
24.e7 
24.81 


Aug.  15, 
Sept.  0, 
Oct.  4, 
Not.  0, 
Dec.    0, 


DA.TB. 


ISftS. 


Hiight  of 
Water. 


Feet. 
23.85 

22.77 

22.00 

21.58 

21.88 


ChemiceU  Examination  of  WaUr  from  Beaver  Pond,  Norwood's  Pond,  and 

Longha/m  Meadow  Brook,  in  Beverly, 

[Parts  per  100,000.] 


a 

% 
I 

J   i 

25  !    a 


Appkaxancb. 


I 


1 

1 

eo 


3 

o 


10072  Mar.  lliSU«ht. 


100T81lar.  1  ISUght. 


lO074'Mar.  1 


Slight. 


lQ132|lfar.l5'|BUgfat. 


10123  If ar.  15    Slight, 

clayey. 


Cona. 

Blight. 

Cods., 

brown. 
SHght. 

BUght, 
earthy. 


1.20 
1.40 
1.60 
0.70 
0.50 


BasiDUB  oil 

EVAPOBA- 
TIOK. 


I 


6 
O 

§1 

5 


6.10 
5.50 
7.05 
4.25 
8.25 


2.00 
2.40 
2.65 
1.70 
1.85 


AmcoiTLA. 


Albamlnoid. 

■ 

1 

• 

■8 

• 

•o 

i 

1 

1 

si 

h 

H 

O 

en 

.0102 
.0098 
.0036 
.0086 
.0056 


.0218 
.0224 
.0328 
.0162 
.0210 


.0180 
.0106 
.0300 
.0140 
.0164 


.0038 
.0028 
.0028 
.0022 
.0046 


Q 


.80 
.70 
1.00 
.62 
.43 


NZTSOOBN 
AB 


s 

I 


.0030 
.0030 
.0150 
.0070 
.0000 


.0002 
.0002 
.0002 
.0000 
.0000 


•8 

a 

a 

m 

e 
o 
o 


o 


I 

a 

n 


.5083 

1.0764 

1.1304 

.6201 

.6238 


1.3 
1.8 
2.2 
1.8 
0.» 


Iron  In  the  first  sample,  .0650;  in  the  next  two,  .0600  each;  In  the  fourth,  .0600;  in  the  last,  .0160. 
Odor  of  the  flnt  three  samples  distinctly  Tcgetable  and  of  the  first  one  also  disagreeable.    Of  the  last 

two  samples,  No.  10182  had  a  very  faintly  vegetable  odor  and  No.  10138  none. Nos.  10072  and  10182 

^"we  o>llected  from  the  brook  fiowing  from  Norwood's  Pond ;  No.  10078,  from  the  brook  fiowing  from 
Bearer  Pond;  Nos.  10074  and  10138,  from  Longham  Meadow  Brook  Jast  above  the  point  where  it  is 
Joined  by  the  brook  fiowing  from  Norwood's  Pond. 
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SAUSM  AND  BEVSBLY. 

Microscopical  Examination  of  Water  from  Beaver  Pond,  NortooocTs  Pond,  and 

Longham  Meadow  Brook,  in  Beverly, 

[Namber  of  organisms  per  cnbic  oenttmeter.] 


PLANTS. 
Dlatomsoeee,      .      .      .      . 

Fragilarla, 

Na^cula, 

Synedra, 

TabeUarla, 

Oysnopliyoen,  Nostoo  spores, 

Alg86,  Zo'dspores,  .       .       .       . 

Funffl, 

Begaiatoa, 

Cladothrlx, 

AinMALS. 
InftLSorls, 

DinobryoD,         .       .       .       . 
Perldinium,         .       .       .       . 


ISM. 

March. 

March. 

March. 

• 

March. 

March. 

Day  of  ezaminatlon,         .... 
Namber  of  sample, 

8 
10072 

8 

10078 

8 

10074 

17 
10182 

17 
10188 

0 

2 

8 

0 
0 

•  I 

0 
0 

2 
pr. 

0 

0 

0 

1 

2 

0 

2 

0 

0 

18 

2 

0 
0 

0 
0 

0 
18 

2 

0 

17 

4 
6 
6 
2 


0 
0 

0 

0 
0 


8 

8 

0 

9 

0 

1 

0 

4 

8 

7 

0 

5 

2 
0 


Mitcellaneous,  Zo'dgloea,  .... 

2,000 

70 

2 

180 

58 

Total, 

2,005 

80 

2fi 

107 

77 

Water  Supply  op  Saugus. 

(See  Lynn.) 


SCITUATE, 

The  advice  of  the  State  Board  of  Health  with  reference  to  taking 
a  water  supply  for  the  village  of  Scituate  Harbor  in  the  town  of 
Scituate,  from  the  ground  in  the  vicinity  of  Satuit  Brook,  may  be 
found  on  page  50  of  this  volume.  An  analysis  of  a  sample  of  water 
from  the  flowing  test  well,  referred  to  in  the  communication  of  the 
Board,  is  given  below. 
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SCITUATE. 

Chemical  Examination  of  WaUr  from  a  Tubular  Test  Well  in  ScituaU, 

[Parts  per  100,000] 


■ 

1 

J 
1 

Appeasakce. 

• 

AXKOMIA. 

MITBOQBN 
AS 

• 

1 

1 

1 

1 

• 

• 

1 

1 

Albu- 
minoid. 

1 

S 

• 
ft4 

10017 

18M. 

Feb.  14 

None. 

None. 

0.02 

8.85 

.0006 

.0010 

1.74 

.0800 

.0000 

.04T2 

8.1 

.0000 

Odor  none. The  sample  was  ooUected  from  a  flowing  test  well  in  a  meadow  near  Willow  Street 

about  three  hundred  feet  east  of  the  railroad. 

Microscopical  Examination, 

No  organisms. 

Water  Supply  of  Sharon.  —  Sharon  Water  Company. 

The  reply  of  the  State  Board  of  Health  to  an  application  of  the 
Board  of  Health  of  Sharon  for  advice  with  reference  to  the  possible 
pollation  of  the  water  supply  of  the  town  under  existing  conditions, 
and  as  to  the  best  practicable  method  of  assuring  its  purity  in  the 
future,  may  be  found  on  page  51  of  this  report. 

Chemical  Examination  oj  Water  from  the  WeU  of  the  Sharon  Water  Company, 

[Parts  per  100,000.] 


Date  of 

OoUeoUon. 

AITBASAHOB. 

Residne  on 
Evaporation. 

AMMOniA. 

i 

g 

Krsoosm 

AS 

Oxygen 

Consumed. 

• 

n 

i 

TorMditj. 

4l 

1 

1 

1 

Albu- 
minoid. 

s 

. 

1 

lOMl 

18M. 

Aug.  31 

1 

'  None. 

None. 

0.0 

10.70 

.0000 

.0000 

.01 

.8750 

.0000 

.0158 

2.8 

.0100 

Odor,  none.  —  The  sample  was  collected  from  a  faucet  at  the  pumping  station. 

Microscopical  Examination, 

No  organisms. 

Water  Supply  op  Someryille. 

(See  Boston^  Mystic  Works.) 


Water  Supply  op  Southbridge.  —  Southbridge  Water  Supply 

cjompany. 

The  advice  of  the  State  Board  of  Health  to  the  Southbridge 
Water  Supply  Company  relative  to  increasing  its  supply  by  the 


coDStructioD  of  an  additiooal  storage  reservoir  about  one  mile  soath 
of  the  present  upper  reservoir,  and  a^  to  improving  the  existing 
supply;  also,  at  s  subsequent  date,  with  reference  to  increasiog 
its  supply  by  taking  water  from  a  proposed  storage  reservoir  on 
Hatchet  Brook,  may  be  found  on  pages  51-53  of  this  volume. 
Analyses  of  samples  of  water  collected  from  the  present  sources  of 
supply  and  from  Hatchet  Brook  and  its  tributaries  are  given  in  the 
following  tables. 


Chanical  Examination  oj  Water  from  the  Lower  Seaervoir  of  lAe  SouHibrHgt 
Water  Company. 


I 

irrtiMtaci.          |l   '^"j"'^**- 

^„^ 

1 

"" 

1 

f 

! 

r 

1 

i 

1 

t 

1 

i  i 

.! 

II 

\ma 

CS= 

i>Mid«d. 

OOD*. 

o.is 

S.Ii 

l.M 

.0062 

.VA* 

.0178 

■■■" 

.12 

.0080 

.«« 

.. 

,.. 

ID  heUlDg. The  u 


Microacopieal  Examination. 

caa,  OgcloUlta,  ISS;  Ci/mbtlla,l;  DUUona.ltO;  XptOtmia,!;  ffonp4o>Hma,ll;  f/ariaila, 
■itt,*;  Surlntla.i;  Siri'dra,  IM;  Tabellarta,  K.    Aigm,  ArUrodnmtu,  1;  Pedlattnm, 
mu,  6;  Staurogatin,  t.    InfuHri^  Eugtena,  lllj  Mtmai.  2;  Peridiniun,  4A.    Verawt, 
ta,\;  FBtyarOtra.i.    iiiteetia.oaaat,  ZeSgUMa.tO.    Total,  »3(. 


ChemicaJ  Examination 

Of 

Water  from 

Glover  Spring, 

Southbridgt. 

[PutaperlOOpOOO.] 

1 

AP^^C 

i  1  — 

1 

Ninoau 

|! 

i 
1 

1 

1 

1 
I 

1 

si 

f 

i 

1 

i 

110S3 

ipt.  i4 

Nona. 

None. 

0.00 

10.  T6     .0000 

.0003   1 

.80 

.OMl 

.IMO 

... 

.on* 

112S8 

Oct.   S« 

V.  .light. 

V..lljb.. 

0.09 

12. M  1  .0000 

.0030 

1.00 

.«50 

.0000 

•"" 

... ...» 

e.  dtuinetl;  nDplaMnt, 
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SOUTHBRIDGE. 

Chemical  Ezaminalion  of  Water  from  Hatchet  Brook  and  one  of  Us  Tributaries  in 

SotUhbridge, 

[Partfl  per  100,000.] 


u 

i 

B 

a 

'A 


I 

«  I' 

P.  ll 


Apfsjuuitci. 


5 


■3 

a 


a 


g 

£ 


a 


11031  Sepi.l4 
11256  Oct.  38 
11358' Nov.20 


118591  Not.  20 


At. 


V.aligbt. 
V.  slight. 

Slight. 
None. 


V.  slight. 
Slight. 
Slight. 
V.  slight. 


0.10 
1.60 
0.80 
0.50 


Kkaidcb  oir 

fiVAPURA- 
TIOX. 


■i 


4.06 

8.06 
4.36 
4.06 


0.00    5.40 


I 

Be 


I 


AmiOHiA. 


I    *• 


Albuminoid. 


3 


? 


0.80    .0000  .0042  .0080.0012 

I      ;      I 

8.60  1 1.00001.0242  .0214,  .0028 

1.26 

1.40 


1.76 


.0000'. 01181. 0100' .0012 

!       I       I 

.OOOOL0128. Olio!. 0018 


.0002  .0133  .0115  .0018 


.21 
.88 
.20 
.20 

.26 


NlTROOBH 


8 


.0000 

.000(> 
.0064 
.000( 

.001: 


8 

s 


.0000 
.0000 
.0000 
.0000 


a 

I 

o 


I 


.14041.7 

!l.2616'l.0 

.62081.4 


.6702 


0000,1  .6408 


1.4 
1.0 


IroD  Id  the  first  sample,  .0000;  in  the  seeood,  .0070;  in  the  third,  .0050;  in  the  last,  .0020.  Odor  of 
the  first  sample,  none;  of  the  remaining  samples,  very  faintly  vegetable,  beeoiniDg  stronger  on  heating. 
—  The  first  sample  was  collected  from  Hatchet  Brook  at  a  road  crossing  aboat  lhree<fourths  of  a  mile 
from  Its  mouth;  the  second  and  last  samples,  from  the  brook  at  site  of  proposed  dam  of  the  Soothbrldge 
Water  Company,  about  half  a  mile  above  the  poiot  where  the  first  sample  was  collected ;  the  third  sam- 
ple, from  a  small  tributary  which  enters  Hatchet  Brook  from  the  west,  about  half  a  mile  above  the  site 
of  the  proposed  dam. 


Microscopical  Examination  of  Water  from  Uatchet  Brook  in  Southbridge, 

[N'umber  of  organisms  per  cubic  centimeter.] 


1S98. 

8eptember. 

October. 

November. 

November. 

Day  of  examination, 

10      1 

28 

22 

22 

Namber  of  sample, 

11031 

11250 

11358 

11350 

PLANTS. 

DlatomaceeB, 

8 

1 

4 

8 

Meridion, 

Synedra. 

Tabellaria, 

0 
0 
3 

0 

1 
0 

2 

2 

pr. 

1 
2 
0 

Fungi,  Crenothrix 

230 

17 

ft 

7 

ANIMALS. 

Vermes,  Annrea, 

0 

1 

0 

0 

in<c«/toneotM,  Zooglcea 

0 

S 

14 

1 

Total, 

283 

82 

40 

11 

282 
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SOUTHBRIDGE. 

Chemical  Examination  of  WcUer  from  Hatchet  Pond  in  Woodstock,  Conn,,  just 
South  of  tfie  Boundary  between  Massachusetts  and  Connecticut, 

[Parts  per  100,000.] 


■ 
*5; 

Appbabaxcb. 

Kksiduk  on 

EVAPOBA- 
TIOW. 

Ammonia. 

1 

1 

NiTBOGBN 
AS 

'  § 

•     s 

1 

c 

M 

• 

e 

Albuminoid.     ' 

1 

9 

5 

o 

1 

• 

1 

ss 

s 

B 

• 

1 

Loss  on 
Iffnitto 

• 

• 

1 

> 

1 

■ 
9 

C 

• 

s 

i 
1 

• 

k. 
• 

fiB 

^ 

H 

CO 

U 

H 

k 

H 

fi 

» 

l" 

9^         K 

o 

s 

1 

1898. 

1 
1 

1 

11257 

Oct.  26 

Slight. 

Slight. 

0.15 

2.10 

0.65 

.0000 

.0142 

.0102  .0040 

.16 

'.0000.0000 

1.3192 

0.5 

11360 

Nov.  20 

Slight. 

1 

Slight. 

0.02 

2.10 

0.70 

.0022 

1 

.0148 

.0126  .0022 

1          1 

.15 

1 

'.0090.0000 

1 

.2520 

0.8 

Iron,  .0025.  Odor  of  the  first  sample,  faintly  vegetable,  becoming  distinctly  vegetable  and  no- 
pleasant  on  heating;  of  the  second  sample,  very  faintly  vegetable,  disappearing  on  heating.-^ The 
samples  were  collected  from  the  pond  which  is  located  at  the  head  of  Hatchet  Brook. 

Microscopical  Examination. 

No.  11257.  DlatomaceiB,  Synedra,  1.  CyanophycesB,  AnafHxna,  4;  Cotloiphariufn,  1;  IferUmo- 
/pedift,  480.    Algte,  ChlorococciUt  10.    Fungi,  Crenothrix,  33.    BliacellaDeons,  Zoogicea,  4.    Total,  ftOS. 

No.  11360.  DlatomueesB,  yavicula,  1,  CyaoophycesB,  Meriamopediat  19.  Algss,  Protococcus,  2; 
Jiaphidium,  2.    Total,  24. 


Water  Supply  op  South  Hadley  Falls  Fire  District,  South 

Hadley. 

tfhemical  Examination  of  Water  from  a  Faucet  in  South  Hadley,  supplied  from 

Buttery  Brook  Reservoir, 


[Parts  per  100,000 

.] 

■ 

e 
Si 

a 

• 

APPSAaANCB. 

Kesidck  ox 

EVAPOBA- 
TION. 

Ammonia. 

1 

1 

NiTBOGES 
AS 

■ 

I 

1 

6 

2 

H 

1 

• 

a 

■i 

Loss  on 
Ignition. 

• 

Albuminoid. 

• 

3 
? 

i 

1 

a 

• 

i 

Sus- 
pended. 

• 

1A9S. 

11558 

Dec.  27 

Slight. 

Slight. 

0.10 

3.20 

0.90 

.0008 

.0080 

.0014 

.0016 

1 

.15 

.0250.0000 

.laoa  o.s 

Iron,  .0125.    Odor,  none,  becoming  faintly  vegetable  on  heating. 


Microscopical  Examination, 


IClscellaneous,  ZodglctOt  14. 
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SPEJ^CER- 


Water  Supply  op  Spencer, 


Chemical  Examination  of  Water  from  Shaw  Pond^  Leicester. 

[Parts  per  100.000.] 


S 

9 


e 
S 


a 

o 
2 


II 


APPBABAyCS. 


Z 


i 


5 


18M. 

9»4  Feb.  8,  v. slight. 

10174 1  ICar.  27    Slight. 
IO315I  Apr.26  I  None. 
10387|Mayl4'!None. 
10789;  Ang.l3  I  V.  slight. 
10961,  Sept.  4  <  Slight. 


Av. 


V.  slight. 
Slight. 
None. 
V.  slight. 
V.  slight. 
Slight. 


0.05 
0.02 
0.02 
0.03 
0.03 
0.06 


ttsSIDOB  OM 

Evapora- 
tion. 


o 
H 


I 

5 


2.85 
1.56 
1.00 
2.05 
3.00 
2.26 


0.85 
0.46 
0.40 
0.36 
1.10 
0.60 


AxxoinA. 


Albuminoid. 


o 


1 

•a 
c 


•<3 


NiTKOOBN 

AS 


c 


» 


0.03  !  2.27     0.63 


.0048 
|.0034 
1.0000 
1.0004 

.0004 
1.0018 


.0018 


.0202 
.0086 
.0060 
.0084 
.0136 
.0192 


.0127 


.0148 
.0060 


.0054  .22 


.0026 


.0088.0022 
.0066  .0018 


.0102 
.0166 


.0034 
.0026 


.0097  .0J30 


.12 
.13 
.11 
.14 
.14 


.0070.0001 
.0050  .0001 


.0070 


.0000 


.14 


.0912   0.5 

.1058   0.3 
I 
.0030:. 0000   .0803   0.9 


a 

a 
a 

6 

a 
% 

M 

o 


.1131 


8 

e 

rt 


1.1 


.0000.0000   .1382   1.0 


.0030.0000 


.1480'  0.7 


.0042  .0000  ,.1128   0.8 


Iron,  .0033.  Odor  of  the  first  fonr  samples,  faintly  vegetable ;  of  the  last  two  samples,  none. The 

first  two  samples  and  the  last  were  collected  from  the  pond ;  the  remaining  samples,  from  a  f aacet  io 
the  town. 


Microscopical  Examination  of  Water  from  Shaw  PotUI^  Leicester, 

[Number  of  organisms  per  cable  centimeter.] 


1808. 


Feb. 


March. 


April. 


May. 


Day  of  examination, 
Nomber  of  sample,  • 

PLANTS. 
Blatomaoeo,     . 

Asteriooella, 
Meloslra,     . 
Synedra,     . 

AlffSB 

Botryooccns, 
Protocoecns, 


11 
9994 


29 
10174 


27 

10315 


16 
10387 


Aog. 


15 
10780 


8 

4 

5 

1 

14 

0 

1 

2 

0 
0 

4 

4 

0 

1 

0 
0 

1 

0 

14 

0 

0 

0 

0 

0 

106 

0 

0 
0 

0 
0 

0 
0 

0 

106 

Sept. 


6 
10961 


28 

14 

13 

1 


60 

60 
0 


Microscoj)ical  Examination  of  Water  from  Shaw  Pond,  Leicester  —  CoDcluded. 


and  a  consideralile  depth.  It  hae  no  visible  inlet  or  outlet  nnd  is 
supplied  with  water  which  percolates  into  it  from  the  sandy  territory 
by  which  it  13  surrounded.  The  lowering  of  the  water  in  the  pond 
by  pumping  douhtless  makes  available  a  considernble  quantity  of 
water  stored  in  the  ground  about  it.  Between  Aug.  7  and  Oct.  28, 
1803,  a  total  of  164,000,000  gallons  of  water  were  pumped  from 
this  source.  An  analysis  of  the  water  of  Chiipin  Pond  is  given  with 
the  aonlyses  of  samples  of  water  from  the  other  sources  of  supply 
io  tiie  tables  below. 


CAimicoi  Examination  of  WaCer  from  the  Eeeciving  Bnsia  of  the  Springfield 
Water  Workt,  ai  Ludlow. 

[FirU  p«r  t0«,0OO.1 


Inn,  .aiw.    Odor.  g*nenllrdlilliKt1]rvFg»tiibr*.fHqii«itlr iniiy.i 

tlie  odor  wui  itroaslT  Ttgeinbla  inil  mouldy. The  Mmpl.t  wori.  i 

Itinlly  of  the  txe-hoaac.    Wbm  Iho  Baptrmber  mod  October  umpLci 
pDCdiwd  Into  IbU  bulD  froo  Lndloii  BrKrvDIc. 
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SPRiyGFEBIiD. 

Microscopical  Examination  of  Water  Jrom  the  Beceiving  Basin  of  the  Sprin^cld 

Water  Works,  at  Ludlow. 

[Number  of  organisms  per  cubic  cenUmeter.] 


189S. 

Jan. 

Feb. 

Mar. 

Apr. 

Hay. 

June. 

1 

1 
July. 

Aug. 

Sept 

1 
Oct 

KOT. 

Dee. 

Day  of  examination, 

11 

9 

8 

8 

10 

9 

7 

17 

8 

5 

10 

7 

Number  of  sample,  . 

9856 

9979 

10091 

10216 

10370 

10189 

10605 

10835 

10974 

11140 

11298 

11444 

PLANTS. 

1 

1 

DlatomaceaB,     . 

6 

7 

4 

18 

908 

48 

850 

47 

53 

180 

28 

24 

Asterlonella, 

0 

0 

0 

8 

870 

1 

0 

0 

0 

0 

5 

0 

Cyclotella,  . 

2 

pr. 

0 

0 

1 

1 

88 

4 

32 

0 

1 

0 

Diatoma, 

0 

1 

pr. 

0 

0 

0 

0 

8 

0 

0 

0 

4 

Fragllaria,   . 

0 

0 

2 

0 

0 

2 

15 

8 

0 

1 

0 

0 

Helosira, 

0 

1 

1 

1 

27 

11 

240 

26 

20 

04 

16 

0 

Meridlon,     . 

0 

2 

pr. 

2 

pr. 

1 

0 

0 

0 

1 

0 

3 

Navlcaln,     . 

8 

pr. 

1 

1 

pr. 

7 

0 

1 

0 

2 

1 

3 

Piooularia,  . 

0 

0 

0 

0 

1 

1 

0 

2 

0 

0 

0 

1 

Bynedra, 
Tabellaria,  . 

1 

3 

pr. 

5 

8 

24 

1 

3 

1 

112 

5 

10 

0 

pr. 

0 

1 

1 

1 

6 

1 

0 

0 

0 

3 

Cyanophyceee,  . 

0 

0 

0 

pr. 

0 

1 

64 

18 

280 

128 

4 

0 

Anabspna,    .        .       . 

0 

0 

0 

pr. 

0 

0 

04 

2 

200 

44 

0 

0 

A  nabeenn  spores, 

0 

0 

0 

0 

0 

0 

0 

0 

80 

0 

0 

0 

Chro<3coccu8, 

0 

0 

0 

0 

0 

1 

0 

11 

0 

0 

0 

0 

Merismopedia,    . 

0 

0 

0 

0 

0 

0 

0 

0 

0 

84 

4 

0 

AlffSBf       .... 

0 

16 

pr. 

5 

5 

2 

10 

31 

0 

317 

18 

0 

Chlorococcus,     . 

0 

0 

0 

pr. 

0 

0 

0 

15 

0 

244 

0 

0 

Closterium, . 

0 

16 

pr. 

5 

2 

0 

0 

0 

0 

0 

0 

0 

Nephrocytium,   . 

0 

0 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

Protococeus, 

0 

0 

pr. 

0 

2 

0 

4 

8 

0 

0 

12 

0 

Raphidium, 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 

5 

0 

Sccnodesmus,      . 

0 

0 

0 

0 

0 

2 

1 

0 

0 

68 

1 

0 

Zudspores,  . 

0 

0 

0 

0 

1 

0 

5 

0 

0 

0 

0 

0 

Funeri,  Crcnothriz, 

9 

0 

0 

pr. 

0 

0 

0 

0 

0 

9 

' 

0 

ANI&fALS. 

Infusoria,     . 

ft 

89 

8 

1 

2 

125 

1 

42 

0 

4 

22 

1 

Dinobryon, 

8 

0 

0 

» 

0 

0 

0 

0 

0 

0 

0 

0 

Dinobryon  eases. 

0 

0 

0 

0 

0 

124 

0 

0 

0 

0 

20 

0 

Monas, 

0 

1 

0 

0 

1 

pr. 

0 

1 

0 

1 

2 

1 

Peridinlura, 

14 

38 

3 

I 

1 

0 

1 

40 

0 

2 

0 

0 

Tracbelomonas, . 

0 

0 

0 

pr. 

0 

1 

0 

1 

0 

1 

0 

0 

Ml%cellaneou9t  Zoogloea,  . 

32 

74 

2 

0 

24 

100 

36 

66 

1 

36 

160 

40 

n 

Total, 

09 

180 

9 

19 

931 

277 

461 

201 

860 

798 

lie 

97 
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8PRINGFIEL.D. 

Chemical  Examinalion  of  Water  from  Ludlow  Reservoir, 

[Parti  per  100,000.] 
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Apfkabahcb.           1 
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1 
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■ 

lOaoS  May  15 

Dedded. 

Heavy, 

0.85 

8.00 

1.25 

.0032 

.011-4  .0148 

.0046 

.08 

.0030.0002 

.5256  0.8 

. 

mrtliyft 

1 

■ 

floccurt. 

1 

1MS8  Jane  6 

Distinct.    Cone., 

0.45| 

1  8.S0 

1.05 

.0044  .0230. 0172'.  0058 

.18 
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.5402    1.3 

1 
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1 

10604  July  5 
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1 
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'1 

1 
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.0002 
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.0080.0000 
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1 

1 

il 

1                    1 

10975  3«pL  7 , 
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4.00 

3.00 

.0004 

.0532.0422.0110  .13 

.0030.0001 

.7320   1.6 

1               1 

green. 

yellow. 
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1 

1 

1 

1                    1 

1          1 

llUl  Oct.    4 

Slight.       Cone.,      jO.SO 

3.50 

1.75 

'.0000 

.0384  .0260  .0124 

.12 

.0000.0000 

.4028;  1.1 

112»  Nov.  7 

green. i        i 
DUtlnct.    Cone.,       0.28' 

3.70 

1.80 

.0008 

1      ! 

.0844  .0220  .0124 

.19 

1 

.0000.0001 

1          1 
.6160    1.3 

11445* 
Av.. 

Dee.  5 

green. 
Slight.       Slight. 

0.15 
0.47 

8.05 

1 

1.20 

'.0000 

1 

'.0011 

.0270.0204.0066 

1          1 

.17 
.14 

'.0000.0002 

1        ! 

1 

AAIA      AAAl 

.3078|  0.9 

, 

1 
4.11 

2.03 

1 

.0116 
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ftTTO     t    O 
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.V*V0 
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Averages  of  Analyses  of  Previous  Tears, 


1876-n*' 

1 

m 

- 

. 

4.86 

1887  f 

- 

- 

0.24 

8.63 

1888 

- 

- 

0.13 

2.01 

1889 

- 

- 

0.11 

2.42 

1890 

- 

- 

0.15 

2.96 

1891 

- 

- 

0.31 

3.27 

18021 

- 

- 

0.25 

3.41 

i893§  : 

1, 

- 

0.47 

4.11 

-  .0180 
1.66  !  .0080 
1.20  1  .0019 
1.07  i. 0028  .0461 


.0029.0387 


.0011 


.0225 


1.54 
1.20 
1.41 

2.08     .001i;.0375  .0259  .0116  .14 

II  I  I  I 


.0426'. 0296.01301 

I 
.0486]    - 

.0832     - 

.0287  .0224 

.0210.0177  .10 

I  I 

.0147  .00781  .09 


-    ij.lfi 

.12 

I 
1.10 


.0006.0277.0189.0088   .13 


.0019 
.0047  .0001 
.0033.0002 
.0065!  .0001 
.0049,  .0001 

.0049;  .0001 

I 

i. 0019. 0001 

I  I 


0.0 
1.0 
1.0 
.5779   1.2 


♦  Theee  analyses  were  made  by  Prof.  WIlHain  R.  Nichols,  for  the  dty  of  Springfield,  from  samples 
collected  aboat  once  a  week,  between  July  1, 1876,  and  Sept.  30, 1877. 

t  Jane  to  December.  j  January  to  September.  f  May  to  December. 

Note  to  analyses  of  1898;  Iron,  .0138.    Odor,  TegeUble,  rarely  mouldy  or  unpleasant;  on  heating 

the  odor  Is  generally  stronger. The  samples  were  collected  from  the  reservoir  at  depths  of  one  to 

■Ix  feet  beneath  the  sarfaee,  generally  near  the  outlet.  In  July  and  August  the  samples  were  collected 
near  the  center  of  the  resen'olr. 

This  reservoir  waa  empty  at  the  beginning  of  the  year  and  began  to  fill  again  on  If  ay  9.  For  record 
of  helgbU  of  water  on  dates  when  samples  of  water  were  collected  for  analysis,  see  page  289. 
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SFBINGFIELI). 

T(Ale  ihowing  HeigJUs  of  Water  in  Ludlow  Reservoir  at  times  when  Samples  oj 

Water  were  collected  for  Analysis  in  1893, 

NoTS.  —  Height  of  roll  way,  88  1  feet  above  bottom  of  reaervolr. 


May  15. 

June  6, 
July  5, 
Aug  At, 


Bats. 


Height  of    I 
Water  aboye 

Bottom 
of  Reservoir. 


18»S. 


Feet. 
10.00 
11.00 
14.60 
14.66 


Sept.  7, 
Oct.  4, 
Nov.  7, 
Dec.    6, 


JS9S. 


Height  of 
Water  above 

Bottom 
of  Keserrobr. 


Feet. 
14.50 
14.00 
14.70 
15.60 


KoTi  — The  height  of  water  In  thia  reservoir  in  previona  years  has  been  given  wlih  reference  to 
the  bottom  of  the  main  pipe  leading  to  the  cit^,  which  ia  twenty-three  feet  below  the  roilway  and  10.1 
feet  higher  than  the  bottom  of  the  reservoir  at  the  dam. 


Chemical  Examination  of  Water  from  Chapin  Pond^  Ludlow, 

[Parts  per  100,000.] 
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Iron,  .0025.    Odor,  unpleasant.  ——  The  sample  was  collected  from  the  pond  fifty  feet  from  shore  and 
three  feet  beneath  the  surface. 


Algtt,  Scenedennua,  420. 


Microscopical  Examination. 


Water  Supply  of  Stockbridge — Stockbridge  Water  Company. 

Chemical  Examination  of  Water  from  Lake  Averic^  Stockbridge, 

[Parts  per  100,000.] 
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•m,  * 

Inm,  .0009.    Odor,  of  the  first  sample,  none,  becoming  distinctly  vegetable  on  heating;  of  the  sec. 
OBd  sod  last  samples,  distinctly  vegetable  and  unpleosant;  of  the  third  sample,  faintly  vegetable.    The 

odors  of  the  last  three  samples  were  unchanged  by  heating. The  first  and  last  samples  were  collected 

frcm  faocets  in  the  pnmplng  station,  and  repreaent  water  from  the  lake;  the  second  sample,  directly 
ftMD  the  lake  near  the  pumping  station. 


Microsaipical  Examination  of  Water  from  Lake  ^ 

[.f  umber  of  orgiDliDia  por  cable  ceDllmaW 
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Water  SoprLT  of  Stoneiiam. 

(See  Wakefield.') 


Water  Supply  of  Stodqhton. 

Description  of  Worhs.  —  Population  in  1890,  4,852.  Tbe  works 
of  the  Stoughton  Water  Company,  from  which  the  towo  was  for- 
merly supplied,  were  purchased  by  the  town  in  June,  1892,  and 
now  works  for  taking  water  from  another  source  were  completed  by 
the  town  in  1893. 

The  now  source  of  supply  ia  a  well  located  near  Muddy  Pond 
Brook,  about  a  quarter  of  a  mile  below  Muddy  Foud  and  about  a 
mile  and  a  half  in  a  south-westerly  direction  from  the  centre  of  the 
village  of  Stoughton,  supplemented  by  water  taken  from  the  brook 
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Dear  the  well.  The  watershed  of  the  brook,  above  a  point  opposite 
the  well,  has  an  area,  as  measured  from  the  State  map,  of  1.83 
square  miles.  Of  this  area,  fully  one-third  contributes  to  the  supply 
of  Muddy  Pond.  This  portion  of  the  watershed  is  an  elevated  and 
generally  level  gravelly  tract,  which  contains  a  great  many  depres- 
sions from  which  there  is  no  outlet,  and  the  portion  of  the  rainfall 
which  is  not  evaporated  sinks  into  the  ground  and  reappears  in  and 
around  Muddy  Pond  in  the  form  of  springs.  The  remainder  of  the 
watershed  drains  through  Leonard  Brook  and  enters  Muddy  Pond 
Brook  a  short  distance  below  the  pond. 

The  pond  is  about  three  hundred  feet  in  diameter  and  is  surrounded 
by  swampy  land,  at  the  edge  of  which  most  of  the  springs  appear. 

The  well  is  six  feet  in  diameter  and  is  said  to  bo  thirty-nine  feet 
in  depth.  It  is  lined  with  brick  work,  the  portion  near  the  bottom 
being  laid  without  mortar.  Just  below  the  well  a  puddle  cut-off 
wall  was  constructed  across  the  valley  of  the  brook,  two  hundred 
and  forty  feet  in  length  and  forty  feet  in  depth.  The  excavation  for 
this  wall  is  said  to  have  been  through  six  feet  of  clay,  thirty  to 
thirty-two  feet  of  gravel,  and  two  to  four  feet  of  hard  pan.  On  the 
upper  side  of  the  wall,  just  above  the  hard  pan,  six  lines  of  four-inch 
tile  pipes  were  laid  to  the  collecting  well.  Between  the  well  and 
Muddy  Pond,  at  a  point  five  hundred  to  six  hundred  feet  above 
the  well,  a  dam  was  constructed  to  flow  an  area  of  34.3  acres 
to  an  elevation  about  twelve  feet  above  the  level  of  the  brook  at  the 
collecting  well.  The  pond  and  swampy  land  before  mentioned  were 
included  in  the  area  to  be  flowed.  It  was  thought  that  this  reservoir 
would  increase  the  supply  from  the  well,  but  as  it  was  found  upon 
trial  that  it  did  not,  and  the  water  was  of  such  character  that  it  was 
not  suitable  for  use  if  taken  directly  from  the  reservoir,  it  was 
abandoned. 

From  the  collecting  well  a  twelve-inch  cast-iron  pipe,  4,263  feet 
in  length,  conveys  the  water  to  a  pump  well  at  the  pumping  station, 
which  is  located  on  the  right  or  easterly  bank  of  the  brook,  just 
above  Central  Street.  The  pipe  is  turned  down  at  both  ends  and 
was  intended  to  act  as  a  siphon  when  the  water  in  the  collecting  well 
was  lower  than  the  pipe.  The  pump  well  is  a  water-tight  wrought 
iron  tank,  six  feet  in  diameter  and  twenty-six  feet  in  depth,  and 
from  it  water  is  pumped  to  the  town  and  to  the  open  iron  tank  for- 
merly used  in  connection  with  the  old  source  of  supply. 
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With  a  view  to  filtering  the  water  taken  from  the  brook,  a  small 
filter,  having  an  area  of  about  one  hundred  square  feet,  was  con- 
structed near  the  collecting  well.  The  filter  contains  five  feet  in 
depth  of  sand  and  gravel  of  various  degrees  of  fineness,  the  coarser 
materia]  being  at  the  bottom  of  the  filter  and  the  finer  at  the  top. 
Water  from  the  brook  can  be  turned  upon  the  filter  to  a  maximum 
depth  of  two  feet. 

After  it  was  found  that  the  collectino:  well  would  not  furnish 
enough  water  for  the  town,  application  was  made  to  the  State  Board 
of  Health  for  advice  relative  to  taking  a  new  source  or  devising 
some  method  of  obtaining  a  larger  supply  from  the  present  plant. 
The  reply  of  the  Board  to  this  application  may  be  found  on  page  55 
of  this  volume. 

Chemical  Examination  of  Water  from  the  Stoughton  Water  Works. 

[Parts  per  100,000.] 
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Iron,  .0065.    Odor,  distiactly  vegetable. The  sample  was  collected  from  a  faucet  at  the  pumpiog 

station,  at  a  time  when  water  wa«  belug  taken  from  the  brook. 

Microf^copical  Examination. 

Diatomaceee,  3rerldlon,  1;  Pinnulariat  1;    Si/nedra,  20.     Fungi,  Orenoihrix,  3.     Miscclbneoni, 
Zooglaea,  3.    Total,  28. 


Water  Supply  of  Swampscott  and  Naiiant  —  Marbleiiead 

Water  Company. 

The  great  variation  in  the  quantities  of  chlorine,  total  residue,  and 
hardness  in  this  water,  is  due  to  the  presence  of  a  small  quantity  of 
sea  water,  at  times,  in  the  water  of  some  of  the  wells  from  which 
the  supply  of  this  company  is  drawn. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLIES. 


293 


SWAMPSCOTT  AND   NAHANT. 

Chemical  Examination  of  Water  from  the  Wells  of  the  Marblehead  Water  Com- 
pany^ Swampscott. 

[Parte  per  100,000] 
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t  January  to  May. 


J  October. 


Sonio  analyses  of  1893;  Odor,  of  No.  10226,  faintly  earthy;  of  No.  10378,  faintly  disagreeable, 

^*««iiUif  fainter  on  heating;  of  the  remaining  samples,  none. The  samples  were  collected  from  a 

laaeet  at  the  pumping  station. 

Microscopical  Examination, 

A  tery  few  organisms  were  found  in  the  samples  collected  in  April,  May,  June,  October  and 
aoTemi»cr.   In  ihe  remuinlng  lamples  no  organisms  were  found. 
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Provision  has  been  made  at  the  pumping  station  for  conveying 
the  water  of  Elder's  Pond  directly  to  the  pumps,  to  the  filter-basin 
or  to  the  old  twenty-inch  force  main  leading  to  the  city.  By  means 
of  the  connection  last  mentioned  water  could  be  supplied  under  a 
light  pressure  to  portions  of  the  city  by  gravity  in  the  event  of  any 
accident  to  the  pumps.  A  twenty-inch  blow-off  discharging  into 
the  Taunton  River  has  also  been  provided. 

When  the  new  works  are  put  in  operation  the  use  of  the  Taunton 
River  as  a  source  of  supply  will  be  discontinued,  although  water 
may  still  be  drawn  from  the  filter-basin.  It  is  proposed,  however, 
to  retain  the  pipe  connecting  with  the  river  for  use  in  cases  of 
emergency. 


Chemical  Examination  of  Water  from  the  Filter-Basin  of  the  Tawiton  Water 

Works, 

[ParU  per  100,000.] 
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Kote  to  analyaes  of  1803;  Iron,  .0278.    Odor,  diatinctly  vegetable  and  graeay,  very  rarely  nnpleaaant. 

The  aampK'a  were  collected  from  a  faucet  ot  the  pumping  atation  while  pumping.    Woter  from  the 

Taunt  on  River  ia  admitted  directly  to  the  filter-baain  ivhenever  the  yield  of  the  latter  ia  Inaufficlent  for 
the  aupply  of  the  city. 
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Microscopical  Examination  of  Water  from  the  Filter-Basin  of  the  Taunton  Water 

Works. 


[Number  of  organisms  per  cable  centimeter.] 
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0 
0 
0 
2 

0 
0 
0 

1 
1 

0 
0 
0 
2 

1 

0 
0 
0 
0 

1 

0 
20 
0 
1 
1 

0 
0 
0 
0 

1 

6 

0 

7 

pr. 

0 
0 
0 
0 
3 

Cyanophycesd, 

Oacillaria,  . 

0 

0 

2 

pr. 

0 

2 

0 

2 

6 

2 

0 

Fungrii  Cronolhriz, 

pr. 

192 

0 

8 

10 

60 

48 

12 

26 

pr. 

7 

ANIMALS. 

InftiBoria,   . 

I 

< 

0 

0 

0 

0 

1 

0 

0 

pr. 

0 

Dlnobryon  cases, 
Perldinlum, 

0 

1 

^\ 

0 
0 

0 
0 

0 
0 

0 
0 

0 
1 

X 

0 
0 

0 
pr. 

0 

0 

Mi9eeUaneou9,  ZoSgloBa, 

5 

72 

82 

12 

0 

0 

6 

28 

5 

0  i 

1 

2 

8 

Total, 

10 

272 

«4 

19 

10 

12 

71 

78 

41 

^ 

17 

17 

Chemical  Examination  of  Water  from  the  Taunton  River  at  Taunton. 

[Parts  per  100,000.] 


ate  of  Collection. 

Afpbabanos. 

Rksiddk  cm 

EVAPOKA- 
TION. 

AmiOMIA. 

• 

s 

2 

NiTROOKX 
AS 

M 

s 

«i 

1 

■ 

Loss  on 
ignition. 

■ 

Albuminoid. 

1 

1 

5 

*: 

a 

a 

1 

> 

• 

• 

1 

% 

Q       1 

H 

3a 

u 

H 

bi 

H 

o 

QO 

o 

K 

yi 

O 

1898. 

0951  Jan.  30 

Slight. 

Blight. 

1.20 

6.05 

2.20 

.0064 

.0244 

.0208 

.0086 

.62 

.0090!  .0001 

1.02491.5 

10056  Keb.28 

Slight. 

Slight. 

1.10 

4.95 

1.95 

.0010 

.0184  .0142 

.0042  1.57 

.0000,. 0001 

.9504  1.1 

10175  Mar.  28 

Slisht. 

Slight. 

1.10' 

3.55 

1.80 

.0006 

.0172.0136 

.0036' .47 

.0100 

.0000     .81760.5 

10316  Apr.  20  1  V.  Blight. 

Slight. 

1.301 

4.55 

2.15 

.0000 

.0212.0190 

.0022' .46 

..0050 

.0001   1.20450.6 

10439  May  23 

Slight. 

Cons. 

2.501 

4.95 

2.45 

.0022.0290.02641.0026   .38 

1.0050 

.0000,  1.60870.5 

10576  June  29 

None. 

Slight. 

1.801 

5.20 

2.96 

.0006  .0284. 0246;  .00381  .49 

.0070'.  0001 

1.24030.9 

10694  July  26 

V.  slight. 

Slight. 

I.2U 

5.05 

2.00  ' 

.0018.0268.0236 

.0032   .61 

.0070. 0001 

.73260.8 

10914  Aug.29 

V.  slight. 

Slight. 

2.20 

6.66 

3.55  1 

.0018.0348  .0318 

.0030 

.52 

.0080.0001   1.7617  1.0 

11087  Bepi.2.7 

Slight. 

Slight. 

0.90 

5.15 

1.70 

.01161.0200.0176 

.0024 

.67 

.0120 

.0002<    .6478 l.S 

11233  Oct.  23 

Slight. 

Slight. 

0.9U 

6.70 

2.55 

.0212.0238.0160 

.0078 

.70 

.0030 

.0005 

.5S20|1.S 

11391  Nov.  27' 

Slight. 

Slight. 

1.00 

5.55 

2.05 

.00081. 0*220,  .0202 

.0018 

.72 

.0100 

.0004 

1.12661.6 

11517, 
At.. 

Deo.  18 

I 

Distinct. 

Cons. 

1.35 
1.38 

5.60 

1 

2.35 

.0030 
.0043 

.0294 
.0246 

.0262 
.0212 

.0032 
.0084 

.54 

.56 

.0080  .0001 
.0078   nnrvo 

1.3365 

1 

1.1 
1.1 

1 
1 
1 

5.33 

2.31 

1.0820* 

1 
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TAUNTON. 

Chemical  Examinatum  of  Water  from  the  Taunton  River  at  Taunton — Concluded. 

Averages  of  Analyses  of  Previous  Years, 


a 
o 


Appbasavcs. 


? 

i 

A 

o 

a 

• 

3 

m 

)Q 

a 

- 

1887* 

- 

1888 

- 

1889 

- 

1890 

- 

1891 

i> 

I 


8 


1892 
1898 


1.29 
1.51 
1.67 
1.31 
1.12 
1.08 
1.88 


Bksiduk  om 

EVAPOKA- 
TIOM. 


I 


e 


3 


6.84 
6.26 
4.50 
6.80 
4.77 
6.27 
6.88 


2.00 
2.2S 
2.17 
2.27 
1.08 
2.20 
2.81 


AVMOMIA. 


.Albuminoid. 


o 


I 


a  c^ 

00 


.0030 
.0016 
.0016 
.0016 
.0006 
.0012 
.0043 


.0286 
.0204 
.0804 
.0264 
.0220 


.0270 
.0226 
.0197 


.0225  .0198 


.0246 


.0212 


.0034 
.0029 
.0023 
.0027 
.0034 


.69 
.44 
.46 
.48 
.47 
.64 
.66 


NiTROQKN 
▲8 


8 

I 


8 


.0097 
.0086 
.0085 
.0118 


.0001 
.0001 
.0001 


.0095.0001 

I 
.0008.0001 

.0078'.  0002 


B 


a 
& 

I 


i 

9 


1.8* 
1.0 
1.1 
1.08201.1 


*  June  to  December. 

Kon  to  analyMS  of  1808;  Iron.  .0802.    Odori  decidedly  TegeUble  and  sweetish,  rarely  mouldy  or 

Qopleuaot Tb«  aamplee  were  collected  from  the  river  opposite  the  fllter^basin  of  the  Taunton 

Water  Worki. 


Microicopical  Examination  of  Water  from  the  Taunton  River  at  Taunton, 

[N'amber  of  organlamo  per  cubic  centimeter.] 


1S9S. 

t 

Jan. 

Mar. 

Mar. 

Apr. 

May. 

Jane. 

July. 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

^■7  of  examination. 

81 

1 

29 

27 

24 

80 

26 

31 

27 

24 

28 

20 

^BBber  of  sample. 

9961 

10066 

10175 

10816 

10439 

1 

10676 

10604 

10914 

11087 

11283 

11391 

11617 

PLANTS. 

Dlfttomace»,    . 

2 

11 

21 

146 

7 

6 

6 

7 

2 

3 

13 

6 

Prsglkria, . 
Vrlosira,    . 
MeridiOD,  • 
KsTicQla,   . 
firotdra,    . 
Tsbellaria. 

0 
1 
0 
0 

1 

pr. 

4 
1 
1 
4 
1 
pr. 

6 

1 
8 

0 

0 
4 

2 

1 
184 

4 

0 
8 

1 
0 
1 
2 

0 
0 
0 
0 
8 
8 

0 
0 
0 

1 

4 
1 

0 
0 
0 
2 
6 
0 

0 
0 
0 

1 

0 

1 

0 
0 
0 

1 
2 
0 

0 
1 

0 
0 
3 
9 

0 
0 
0 
2 
4 
0 

Fangi,  CrenothrU, 

4 

1 

8 

82 

64 

5 

6 

80 

.    2 

2 

4 

0 

ANIMALS. 

laftiaorla,  . 

1 

4 

17 

0 

0 

0 

0 

1 

0 

1 

2 

0 

Dinobryon, 
iHnobryon  cases,     . 
Peridlniani, 

0 
0 

1 

8 

11 

2 
4 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
0 

0 
0 
1 

0 
0 
0 

0 
0 

1 

0 

2 

pr. 

0 
0 
0 

•MacellcmcoiM,  Zo5f ksa, . 

IS 

1 
8 

42 

i    108 

so 

24 

1 

18 

88 

24 

10 

2 

56 

ToTaL, 

22 

21 

83 

285 

101 

85 

24 

176 

23 

16 

21 

71 

page  39  of  this  Tolame,  nod  on  page  46  of  the  asDaal  report  of  tbe 
Board  for  1892. 

Analyses  of  samples  of  water  from  tbea«  sources  are  giren  in  the 
following  tables. 

Chemical  Examination  of  Walerfrom  Cotd  Spring  and  Seagrave  Brooks,  Uxbrittge. 

[Plrta  par  lOO.OOO.] 


i 
1 

«,„™. 

=F 

1 

■"'S™ 

1 

^ 

1 

1 

1 

i^ 

1 

AIDonilnnld. 

1 

1 

1 

1 

ll 

K 

IMS. 

No"; 

Kr 

!:S 

a. 40 

>: 

'(JOB- 

.0050 
,00« 

.0020 
.0018 

:= 

:= 

■s 

Itdd  Io  Iha  DrH  uinpl*,  .OOM;  In 
4  la>t,  funnily  VI  gctablti  beconlDit  itr 
;>rin(  Brook  at  Ilia  polnl  whera  It  li 


croiHd  l>>-  Iha  Olil  Dou 


Microscopical  Examination. 


.    DIatoBWoeM,  IfvPIIrm 


ica]lu«oaa,  Zooslaa,% 


;  MeriJtim.W;  Savtmla.l; 


Chemical  Examinaiion  of  Water  from  Mendon  Pond,  Mention. 

[Parla  par  100,000  ] 


•  Wh 

kin;  iba  iTinia. 

lunpl*  «u  mlleciHl  Id  b  month  ihe  mrai 

miulj'ila  for 

(be  odor'l 
daplhj  of 

0011.    Odor.gfloe 
•omenlut  t\nr<s 

oaneaa  aod  ons-l 

■ullj  (alnUr  TffcUbl*  or  oons.  rarary  m 
ran<1  trnjiipiillr monWy. Tha  •hid 

jilf 'nnd  IwalYO  »nd  ona-ball  fact  reipeetl 

aldy  or  dim 

nri  IOB30.  »h 
aiy  txneitb  t 

UXBRIDGZ. 

Mieroscopieat  Examinaiion  of  Water  from  Mendon  Pond,  Mtndort. 


.».. 

Jim..   j™.|jul7. 

J.],. 

Am. 

Am. 

Am. 

■ept. 

oa. 

„. 

tm. 

Mumb«rof«iiipl.,    .       .        . 

iJ, 

M 

IS 

lOMi 

KMta 

IIMIB 

10930 

38 

noes 

lutl 

x> 

n 

PLANTS. 

Dl&tomacen,      .      .      . 

P.'^iX.:   :    :   : 

"^tSSlSa^lS-  .      .      . 

Al»» 

BotryciKcai,       .       .       . 

CkloIOCDCSDI, 

7 

1 
IS 

« 
pr. 

10,       1 

»  :       0 

t 

D 
8 

0 

> 

1 

0 

pt. 

% 

tt 

K 

l( 

4 

n 

'1 

n 

IS 

n 
It 

ti 

M 

pr. 

n 

u 

M 

1 
l« 

IM 

410 

IT 

0 

IS 

0 

l,M 
iK 

n 
i,m 

0 

l( 

1 

1 

D 

ANIUALS. 

InroBorla 

DlDobr;oa  ouaa,        .       . 
Hon-..        .... 

Vermes,  Polywih™,    . 
CruBtftO»ft,  Cyclopi,    . 

11 
0 

0 
0 

0 

u 

0 

1 

0 

« 

40 
0 
0 

0 

IM 
lU 

0 

0 

It 

pr. 

pr. 
0 
0 

4 

pr. 

S 
M 

t 

s 

! 
pr. 
.04 

1 

3 
1 
1 

1 

0 

0 
0 

I 

i 

« 

1 

1 
t 

.« 

2o";i".'.  :    :   :   : 

3        IS         0 

n 

» 

'ftt 

44 

.09 

1 

1 

t 

1 

1»       7»       « 

m 

71 

M 

lOS 

Wl 

»!«.{.» 
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irXBBIDGB. 

Chemical  Examination  of  Water  from  Meadow  Brooke  Mendon, 

[Parte  per  100,000.] 


• 

o 

s 

Appbasavcb. 

RR81DUB  OM 

EVAPOKA- 

TIOM. 

AmcoirzA. 

S         Chlorine.                    1 

NITBOOKN 

• 

1 

1 

a 

1 

1 

«s 

i 

• 

Lou  on 
Ignition. 

i 

Albuminoid. 

M4 
» 

S 

1 

3 

i 

t 

■ 

7 

d 

CO 

1 

1                      ,1 

10161  lUr.StsJNone. 

V.ellKht. 

0.38 

2.40 

0.80 

.0008  .0102 

1          1 

.0074 

.0028 

.0080 

.0001 

.8060 

0.6 

Iron,  .0000.    Odor,  decidedly  yegetable  and  gruey. The  eample  wm  collected  from  the  brook, 

Thlch  It  the  outlet  of  Mendon  Pond,  at  Boblneon'a  taw  mill,  aboat  a  mila  below  the  pond. 


Microscopical  Examination, 


Mlfcellaoeoiia,  Zodglon,  20. 


Chemical  Examination  of  Water  from  Mumford  River ^  at  Uxbridge. 

[Parte  per  100,000.] 


s 


« 
o 


Appbabaxcb. 


I 


o 

s 


MTie  Aug.  i 


Slight. 


Blight 


0.45 


IlRSIDUB  OK 

EVAPOSA- 

TIOM. 


5 

o 
H 


I 

3 


2.76 


1.00 


AXMOXLL 


Albaminoid. 

• 

• 

1 

• 

■9 

1 

S 

si 

h 

H 

S 

» 

oooo 


.0172  .0148 


.0024 


1 


.24 


NiTRoosai 
Ae 


i 
I 


i  > 

5z; 


.0050 


.0001 


a 

a 

I 

e 

g 


e 

1 


.2500 


1.1 


Iron,  .0350.    Odor,  dUtlnotly  mouldy  and  disagreeable,  becoming  ttronger  on  beating. The 

*>Bp)e  vae  collected  from  Capron'e  Pond,  a  mill  pond  on  thq  Mumford  Klver,  in  the  yiUage  of 
rxbridge. 

Microscopical  Examination, 

Diatomaces,  EpUhemia^  1;  StauroneiMt  1;  Siftiedra,  28;   TabeUaria,  8.    CyanopbyoesB,  Jif«rUmo- 
pf'fi^  4.    AlgtB,  Oomtarium,  1 ;  Raphidium,  4.    Fungi,  Crenothrlz,  8.    Infusoria,  Tnuhelomonat,  1. 
Zodglaa,lM.   Total,  212. 


Water  Supply  of  Wakefield  and  Stoneham  —  Wakefield 

Water  Company. 

The  advice  of  the  State  Board  of  Health  to  the  Wakefield  Water 
Company,  with  reference  to  obtaining  an  additional  water  supply 
from  the  valley  of  Saugas  River  and  its  tributaries,  within  the 
limits  of  the  town  of  Wakefield,  may  be  found  on  page  58  of  this 
volume. 


WAKEFIELD  AND  STONEnAM. 

The  advice  of  the  Board  to  the  'city  of  LyoD  with  reference  lo 
taking  an  additional  supply  of  water  from  the  valley  of  the  Saugus 
River  and  its  tributaries,  may  be  found  od  page  35. 

Chemical  Examination  of  WaUr  from  Crystal  Lake,  Wakefield. 


J 

«u«.. 

Kriip 

Vmx- 

""S""    1 

J 

i. 

f 

i 

1 

i 

I 

r 

1 

j 
1 

1 
1 

i 

1 

1 

it 

t 

10O0I 

Fcir*ia 

i^lltrht. 

V.dlibl. 

a.  OS 

a.» 

O.TO 

om 

.J.O.. 

». 

.MM 

M.,|.J... 

IIMSO  Apr.l2 

DIlllDCt. 

eiigtat. 

Con., 
SIlBhl. 

.... 

0.20 

4.24 

1.00 

.00.4 

owe'.om 

I 

!m 

.MOO 

M.J...lJu 

lOsJAUgiaI'DliUnol. 

Slight. 

0.18 

4.S6 

1.70 

.0000 

OlM 

.0113 

«.» 

.M 

.MM 

M.i,.ai»i.f 

iiiw|oct.  le   Slight. 

Slight. 

9.18 

AM 

1.20 

.OOM 

OtTB 

.OIM 

». 

.M 

.M» 

«m'.»7.'u 

n4»|D«t.l2 

Slight. 

eiight. 

0.16 

s.to 

1.10 

.0000 

OIM 

.0108 

m. 

.« 

.«« 

MOO|.«l.^l.i 

IIUT^  Deo.  IS 

V..llgh.. 

Slight. 

O.IS 

4.30 

l.W 

■ 

01« 

.0122 

<J.M 

" 

">» 

..»,,.. 

A..- 

3.S1 

..« 

.01.1 

•" 

... 

niim 

f*01 

J,. 

Average!  ofAnatyia  of  Previous  Yean. 


- 

18«f 

18S8f 

18MII 

tN3 

- 

O.It"  S.73 
0.13    8.00 

0.14    3.81 

O.M 
l.SS 

1.2; 

.0000 

.0000 

.0008 
.0028 

.01J4 

.0107 

.0104 

.0141 

0031 

.0023' 

.81 

.40 
.67 

.0080,  .0001 
.0,0.|.«., 

l.S 

l.» 

II  Thru  Id  Octobor. 


msu  mulyala  (or  that  raonth 
I  Junarj,  Hiirch  iiul  Jnn 
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WAKEFFELD  ANB  8TONEHAM. 

Microscopical  ExamincUion  of  Water  from  Crystal  LakCy  Wakefield. 

[Number  of  organlinui  p«r  eobie  ooDtlmeter.] 


ISM. 


F«b. 


April. 


Jane. 


Aoff. 


Oct 


Dec. 


Deo. 


Day  of  examinatioD,     .... 
Number  of  Muoplet       •       .       •       • 

PLANTS. 
DlatomaceflB, 

ABterlonella, 

C^eiotella, 

Dlatoma» 

Pnifilarla 

MrlOr>tni,   ...... 

Bynedra 

TabeUaria, 

Cyanophyoeso,      .... 

Anabeoa,  ..... 

Anabnoa  aporea 

Cbroococena,    .        .       •       .        . 

Clathrocyatia, 

liicrocystla, 

Alsr» 

PaDdorlna, 

Protoooccae, 

SceDedeamua,  ..... 

Pungrl,  Crenotbriz 

ANIMALS. 
Blilaopoda,  Arcolla,        • 

InfoBorla, 

Diaobryon,       •       .       .       .       . 
DlnobryoD  caaes,    •       .       .       . 

Euglena, 

Peridinlam, 

Syoara,     ...... 

TracbelODaonaa,       .       .       .       . 

HUcellaneanSt  ZoQgloea,       .       .       . 
Total, 


15 
10007 


14 
10260 


15 
10618 


10 
108M 


17 
11109 


13 

11479 


19 
11507 


^ 

0 

7 

1,199 

18 

514 

975 

0 

1 

0 

0 

04 

68 

0 

1 

44 

1 

36 

28 

0 

0 

0 

0 

12 

0 

0 

0 

84 

0 

80 

25 

0 

0 

1 

8 

80 

0 

0 

8 

1,190 

0 

0 

2 

0 

2 

0 

14 

842 

162 

0 

0 

14 

104 

11 

0 

0 

0 

14 

28 

0 

0 

0 

0 

0 

20 

0 

0 

0 

0 

0 

0 

4 

0 

0 

0 

0 

28 

0 

0 

0 

0 

0 

28 

7 

0 

0 

0 

89 

194 

0 

0 

0 

0 

4 

0 

0 

0 

0 

0 

54 

124 

0 

0 

0 

0 

24 

0 

0 

0 

0 

0 

0 

0 

6 

1 

189 

58 
47 
0 
0 
0 
0 
82 


0 
0 
0 
0 
0 


0 
0 
0 


0 

9 

0 

0 

0 

0 

0 

7 

9 

8 

88 

0 

0 

0 

0 

4 

5 

0 

0 

0 

0 

0 

8 

0 

0 

0 

0 

1 

0 

0 

0 

7 

pr. 

1 

0 

0 

0 

0 

2 

0 

0 

0 

0 

0 

0 

2 

20 

0 

69 


90 


96 


98 


16 


3 


0 

0 
0 
0 
0 
0 


52 


80 


1,828 


282 


579 


270 


182 


Walpole. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Walpole 
with  reference  to  taking  a  water  supply  from  the  ground  near  the 
Noponset  River,  or  tributaries  thereof,  within  the  limits  of  the  town, 
may  bo  found  on  page  60  of  this  volume.  Analyses  of  samples  of 
water  collected  from  tubular  test  wells  near  the  Neponset  River  are 
given  in  the  following  table. 


■WAI.POLE. 

Chemical  Examinalion  of  Water  fr 


Tuhtilar  Titt  WdU  near  Ike  Nepotuei 
WalpoU. 

[FarUparllW,«M.] 


J 

1 

A«^^.«. 

i 

A«on4. 

j 

*• 

i 

j 

j 

f 
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Mieroseopical  Examination 
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NclOiTl.    DUtomii 

.»,% 

•udra,  1. 

Water  Supply  of  Waltham. 

Much  trouble  has  been  caused  in  recent  years  by  the  rapid  growth 
of  certain  low  forms  of  vegetation  in  the  Blter-bosin  and  well  of  the 
Waltham  water  works,  and  with  a  view  to  preventing  this  growth 
the  filter-basin  and  well  were  covered  in  the  autumn  of  1893.  The 
work  was  completed  before  the  November  and  December  samples 
were  collected,  and  the  improvement  in  the  quality  of  the  water  may 
be  seen  by  examining  the  tables  of  analyses  which  follow.  Reference 
is  also  made  to  the  character  of  the  well  water  in  a  reply  of  the 
State  Board  of  Health  to  the  Water  Commissioners  of  Waltham, 
which  can  be  found  on  page  61  of  this  volume.  The  distributing 
reservoir  has  not  been  covered,  so  that  the  quality  of  the  portion 
of  the  water  supply  of  the  city  which  passes  through  it  is  affected 
as  in  the  past  by  the  abundant  growths  of  microscopic  organisms. 

The  filter-basin  before  being  covered  had  (he  shape  of  a  rectangle 
with  one  corner  cut  off,  and  an  area  of  about  ten  thousand  square  feet. 
The  well,  which  is  located  in  the  centre  of  the  filter-basin,  is  forty 
feet  in  diameter  and  is  covered  with  a  dome  made  of  flat  tiles  laid  in 
Portland  cement.  The  portion  of  the  filter-basin  outside  of  the  weH 
is  covered  with  a  series  of  brick  arches.  The  shape  and  size  of  the 
filter-basin  were  not  materially  changed. 
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Chemical  ExamincUion  of  Water  from  the  Well  and 

Water  Works. 

[Parte  per  100,000.] 


WALTBLAlM, 

Filter-Basin  of  the  Waltham 


Date  of 

Collection. 

Appkaxavcb. 

1                  • 

1    1 

ii 

Ammoiixa. 

6 

NlTKOOKM 
A« 

Oxygen 

Consumed. 

i 

m 

1 

5 

1 

a 

1 

■: 

i 

1 

Albu- 
minoid. 

g 

• 

i 

• 

1 

MG  Jan.   10 

1 

1  None. 

1 

None. 

.00 

1 

6.06 

'.0048 

.0082 

.48 

.0180 

.0000 

.0720 

8.6 

.0000 

9930  Jan.   24  ,  Slight. 

1 

Cona. 

.02 

6.86 

1 

.0072 

.0008 

.60 

.0220 

.0001 

.0667 

3.4 

.0160 

XtOM   Feb.  13    None. 

1 

None. 

.02 

6.80 

.0086 

.0032 

.61 

.0200 

.0000 

.0620 

3.6 

.0000 

lOOM   Feb.  28    Nona. 

None. 

.02 

6.06 

.0024 

.0026 

.48 

.0100 

.0000 

.0763 

8.6 

.0000 

10109   Mar.  13  |' None. 

None. 

.00 

6.26    ' 

.0020 

.0084 

.67 

.0180 

.0003 

.0688 

3.8 

.0000 

lOm.Slar.  27    None. 

V.  alight. 

.02 

6.66 

,.0026 

.0018 

.46 

.0180 

.0001 

.0667 

3.2 

.0000 

10S36  1  Apr.  11    None. 

V.  alight. 

.00 

6.46   1 

.0080 

.0026 

.41 

.0260 

.0000 

.0876 

3.0 

.0030 

10323   Apr.  26    None. 

None. 

.00 

6.66 

.0014 

.0012 

.46 

.0180 

.0000 

.0620 

8.1 

.0000 

10381    May  16    None. 

t 

None. 

.00 

6.00 

.0088 

.0016 

.47 

.0180 

.0000 

.0474 

8.0 

.0000 

10514   June  13;  V.  alight. 

None. 

.00 

7.20 

.0034 

] 

.0018 

;    .60 

.0800 

.0000 

.0868 

8.1 

.0000 

10«2   July  12 

1  None. 

None. 

.00 

6.80 

1.0048 

.0022 

.46 

.0120 

.0000 

.0866 

8.6 

.0026 

10805    Aug.  15    None. 

None. 

.00 

6.80   1 

.0022 

.0010 

.44 

.0200 

.0000 

.0602 

8.2 

.0000 

11030   Sept.  13    None. 

None. 

.00 

0.76    1 

.0082 

.0024 

.40 

.OSOO 

.0000 

.0624 

3.4 

.0000 

11181    Oct.    10 

None. 

None. 

.03 

7.46 

.0060 

.0022 

.48 

.0070 

.0000 

.0462 

8.8 

.0060 

imilNoT.  14 

None. 

1 

V.  alight. 

.00 

7.06 

.0030 

.0010 

.48 

.0180 

.0000 

.1360 

8.4 

.0060 

11474 
At.« 

Dec.  12 

None. 

None. 

.00 
.01 

0.86 

.0080 

.0008 

.48 

.0160 

.0000 

.0664 

3.6 
3.4 

.0026 

1 
t 

6.86 

1 
.0036 

.0022 

i  '^^ 

.0179 

.0000 

.0043 

.0020 

1 

Averages  of  Analyses  of  Previous  Years. 


1887t 

. 

- 

.00 

6.71 

.0007 

.0038 

.47 

.0260 

- 

- 

- 

- 

- 

1888 

- 

.00 

6.70 

.0009 

.0064 

.46 

.0273 

.0003 

- 

- 

- 

- 

1889: 

1 

- 

.00 

0.48 

.0006 

.0084 

.48 

.0378 

.0002  ! 

- 

- 

- 

- 

1800$ 

1 

- 

.00 

- 

.0000 

.0012 

.47 

.0880 

.0002 

- 

- 

- 

- 

1892 

1 

- 

.00 

6.81 

.0033 

.00i7 

.46 

.0162 

.0000 

- 

3.4 

- 

- 

1803 

• 

- 

.01 

6.86 

1 

.0036 

.0022 

.47 

1 

.0179 

.0000 

.0648 

3.4 

.0020 

*  Where  more  than  one  aample  waa  eolleoted  in  a  month  the  mean  analyaia  for  that  month  haa  been 
vied  In  making  the  average. 

t  June  to  December.  %  Jannary  to  May.  §  July. 

KoTB  to  analyaee  of  1893;  Odor  of  No  9930  none,  becoming  diatinctly  aromatic  after  atanding  one 
daj;  of  No.  10100,  diatinctly  aromatic;  of  No.  10171,  very  faintly  vegetable;  of  Noa.  10323  to  10652, 
iacloalve,  onpleaeant  or  dlaogrceable;  of  all  other  aaroplea,  none.  The  odor  in  nearly  every  case  dis- 
appeared on  heating.— The  aamplea  were  eolleoted  either  from  a  faucet  at  the  pumping  station  while 
pomplag,  or  from  the  fllter-baain.  The  November  and  December  aamplea  were  collected  after  the  cover- 
^Bg  of  the  fllter-boain  luid  been  completed. 
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WALTHAM, 

Microscopical  Examination  of  Water  from  the  Well  and  Filter-Basin  of  the 

WaUham  Water  Works, 


[Zfnmber  of  organUma  per  eablc  oentimeter.] 

- 

1S»«. 

■ 

e 

a 

2 

i 

1 

< 

< 

c 
o 

• 

a 

• 

3 

•< 

i 

1 

1    'o 

0 

Day  of  exami- 
nation,  . 

11 

26 

14 

28 

14 

28 

18 

27 

10 

14 

15 

16 

14 

ID 

14 

13 

Kamber    of 
■aoiplv, . 

9803 

9930 

10006 

10046 

10109 10171 10286 

1032310301 

1 

10514 

10652 

10605  11020 

1 

11161 

11331 

11474 

PLANTS. 

Diatoma- 
ceae. 

25 

2,928 

8 

18 

21 

1 

21 

23 

15 

n 

0 

0 

4 

2 

0 

0 

Afterionella, 

Frngllarla,     . 

Melostra, 

Merldlon, 

Navicala, 

Synedra, 

Tubellaria,    . 

20 
0 
0 
2 

1 
1 
1 

2.506 
84 

I 

0 
240 
148 

0 
0 
0 
0 

1 

3 
2 

0 
0 
8 

6 
pr. 

0 
8 

7 
4 
1 
6 
pr. 

0 
pr. 

0 
1 
0 
0 
pr. 

0 
7 
7 
1 
2 
4 
pr. 

6 
0 
2 
0 
0 
16 
0 

4 
0 
0 
0 
0 
2 
0 

0 
0 
0 
0 

1 

1 

0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 

0 
0 
3 
0 
0 
1 
0 

0 
0 
2 
0 
0 
0 
0 

0 
0 
0 

J 

0 
0 

0 
0 
0 

J 

0 
0 

Oyanophy- 
ceeB,  Chro- 
oouccua,     . 

0 

8 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Alfirae,    . 

1 

pr. 

4 

pr. 

4 

pr. 

1 

0 

22 

0 

0 

1 

0 

0 

0 

0 

Pandorina,    . 
Scenedeamaa, 

0 

1 

0 
pr. 

0 
4 

0 
pr. 

0 
4 

0 
pr. 

0 
1 

0 
0 

21 
1 

0 

0 

0 
0 

0 

1 

0 
0 

0 
0 

0 
0 

0 
0 

ANISfALS. 

Inftisoria,  . 

0 

0 

0 

0 

1 

0 

0 

0 

234 

0 

1 

0 

0 

0 

0 

0 

Dlnobryon,  . 
Dlnobryon 

ca«e8,. 
Peridiniam,  . 

0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 
0 

0 
0 

1 

0 

0 
0 

0 

0 
0 

0 

0 
0 

64 

180 
0 

0 

0 
0 

0 
0 

1 

0 

0 
0 

0 

0 

0 

0 

0 
0 

0 

0 
0 

0 

0 

0 

0 

MincellaneouSf 
ZoSglcoa, 

0 

28 

0 

0 

1 

12 

0 

0 

6 

1 

0 

1 

0 

13 

0 

TOTAI., 

26 

2,964 

i 

10 

16 

87 

13 

22 

23 

277 

12 

1 

2 

4 

15 

0 

0 
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Chetnieal  Examination  of  WaUr  from  the  Distributing 

Water  Works, 

[Parte  per  100,000.] 


WAL.THAM. 

Beservoir  of  the  WalUw/m 


Data  of 

Oollectlon. 

ArPBASAir<». 

Rciidue  on 
Evaporation. 

AmoHiA. 

B 

1 

z 

NiTBOOBN 

Aa 

Oxygen 

Conaumed. 

1 

• 

i 

9 
H 

«2 

• 

1 

i 

•* 
t 

1 

• 

i 

IMS. 

We2   Jan.   10 

Diatlnct. 

Cona. 

.02 

0.70 

.0000 

.0082 

.48 

.0100 

.0001 

.0800 

8.5 

.0000 

W29   Jan.  24 

None. 

None. 

.00 

7.05 

.0054 

.0024 

.52 

.0180 

.0001 

.0474 

8.5 

.0020 

10006    Feb.  18  i 
10047    Feb.  28 

lOUO    Mar.  13' 

1 

None. 
None. 
Slight. 

Cona., 

dark. 
Cona., 

dark. 
Cona. 

.00 
.08 
.03 

6.45 
6.55 
6.60 

.0026 
.0018 
.0000 

.0056 
.0088 
.0046 

.51 
.40 
.64 

.0250 
.0070 
.0200 

.0000 
.0000 
.0000 

.0803 
.0036 
.1021 

3.2 
3.1 
3.2 

.0000 
.0025 
.0020 

10173' Mar.  87 
10237  1  Apr.  11 , 
10323   Apr.  26 

Decided. 
Diatlnct. 
Slight. 

Cona., 

dark, 
Cona., 

white. 
Cona. 

.03 
.04 
.02 

6.90 
6.70 
5.60 

.0000 
.0000 
.0002 

.0002 
.0124 
.0106 

.41 
.44 
.43 

.0100 
.0220 
.0070 

.0001 
.0000 
.0000 

.1168 
.1022 
.1131 

2.0 
2.7 
2.0 

.0050 
.0025 
.0000 

10300 'May  15' 

Diatinct. 

Cona. 

.05 

6.65 

.0000 

.0136 

.42 

.0150 

.0000 

.1277 

2.6 

.0000 

I0S15   JonelS 

Slight. 

SUght. 

.08 

7.20 

.0000 

.0008 

.51 

.0150 

.0002 

.1072 

3.0 

.0000 

10«I    Joly  12 

Diatlnct, 

Slight, 

.05 

6.70 

.0012 

.0078 

.46 

.0150 

.0000 

.0730 

8.2 

.0070 

10006    Aog.  16 ' 

green. 
DiHtinct, 

green. 
Slight, 

.01 

6.60 

.0000 

.0044 

.44 

.0070 

.0001 

.0671 

3.0 

.0025 

1 

nasi  Sept.  13 ' 

green. 
Slight. 

green. 
Slight. 

.08 

6.75 

.0000 

.0066 

.48 

.0180 

.0001 

.0936 

8.4 

.0000 

ineo  Oet.  10 

11830  jxov.  14, 
U4T6  .Dec.  12 ; 

Slight. 
Slight. 
Diatlnct, 

Cona., 

white. 
Cona., 

white. 
Slight. 

.05 
.08 
.03 

6.85 
6.00 
6.70 

.0000 

.0000 
.0000 

.0078 
.0064 
.0048 

.50 
.45 

.48 

.0000 

.0110 
1.0120 

.0001 
.0001 
.0001 

.1001 
.1900 
.1120 

3.5 
3.1 
3.2 

.0020 
.0020 
.0020 

At.«.i 

1 

groen. 

1 

1 

8.1 

.04 

6.72 

.0006 

.0074 

.47 

.0127 

.0001 

.1033 

.0010 

t I 

Averages  of  Analyses  of  Previous  Tears, 


1887f 

1888 

18801 

1600} 

180111 

1892 

1898 


r 


- 

.00 

6.66 

.0007 

.0061 

.46 

.0197 

- 

- 

- 

- 

.00 

6.45 

.0003 

.0075 

.46 

.0248 

.0008 

- 

- 

- 

.00 

6.21 

.0008 

.0078 

.47 

.0880 

.0003 

- 

- 

- 

.00 

- 

.0000 

.0124 

.47 

.0280 

.0001 

- 

- 

- 

.00 

6.25 

.0000 

.0044 

.40 

.0200 

.0000 

- 

8.0 

- 

.01 

6.28 

{.0006 

.0082 

.44 

.0119 

.0001 

- 

8.0 

- 

.04 

6.72 

.0006 

1 

.0074 

.47 

.0127 

.0001 

.1083 

3.1 

.0019 


*  Where  more  than  one  eample  waa  collected  In  a  month  the  mean  analyaia  for  that  month  haa  been 
ued  in  making  the  average. 

t  Jnne  to  December.  |  January  to  May.  §  February.  ||  May. 

KoTB  to  analyaee  of  1803;  Odor,  generally  faintly  aromatic  or  unpleaaant  or  none;  on  heating,  the 

odor  la  atronger  and  oecaaionally  diaagreeable  or  flahy. The  aamplea  were  collected  from  the  reaer- 

voir  at  the  gate-hoose,  with  the  exception  of  the  laat  two,  which  were  collected  from  the  reaervolr  at  the 
•Me  oppoalte  the  gate-houae. 
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WAIiTHAM. 

Microscopical  Examination  of  Water  from  the  Distributing  Beservoir  of  the 

Waltliam  Water  Works, 

[Nnmber  of  organiams  per  cubic  centimeter.] 


IflM. 

Jan. 

Jan. 

Feb. 

Feb. 

Mar. 

Mar. 

Apr. 

Apr. 

Day  of  ezamlnatioo. 

11 

26 

14 

28 

14 

28 

13 

27 

Number  of  sample,        .       • 

0862 

0029 

10005 

10047 

10110 

10172 

10287 

10322 

PLANTS. 

Diatomaceae 

3,864 

pr. 

299 

1M 

4,267 

5,996 

18,944 

13,700 

Aatertonella,     .... 
Cyclotella,        .... 
Frngilarla,         .... 

Helosfra, 

Bynedra 

Tabeliarla 

2,020 

52 

0 

0 

88 

804 

0 

0 
0 
0 

"'6 

246 

8 

15 

2 

11 

22 

168 
7 
0 
0 
18 
1 

8,916 

0 

0 

10 

886 

5 

5,860 
0 
0 
0 
636 
0 

0,544 
u 
0 
0 

0,400 
0 

6.«. 

0 

0 

8,140 

0 

Algeo, 

149 

pr. 

7 

7 

7 

0 

9 

0 

Chloroooccua,   .... 
Protococcua,     .... 
Raphldium,       .... 
Soenedesmua,   .... 

0 

148 

0 

1 

0 

0 

0 

pr. 

0 
0 
0 
T 

2 
0 
0 
5 

0 
2 
0 
5 

0 
0 
0 
0 

1 
0 
0 
8 

0 
0 
0 
0 

Funfiri,  Crenothriz,      . 

0 

0 

23 

12 

0 

0 

0 

0 

ANIMALS. 

Bhlzopoda,  Aetinophrya, 

0 

0 

0 

0 

0 

0 

0 

0 

InftiBoria» 

5 

0 

pr. 

0 

pr. 

0 

1 

49 

Dlnobryon,       .... 
Dlnobryon  caaeii,      .       . 
Encysted  prutozoa, . 

Monaa, 

PerldlDlnm 

Uvella 

6 
0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 
0 
0 
0 

0 
0 
0 

0 

1 

0 

47 
0 
0 
0 

1 
0 

Vermes,  Rotatorlan  ova,   . 

0 

0 

0 

0 

pr. 

0 

0 

1 

Jfiicellaneoutf  Zoogloea,        . 

0 

0 

12 

7 

• 

44 

0 

s 

Total, 

8,518 

pr. 

841 

220 

4,274 

6,040 

18,054 

18,752 

Water  Supply  of  Ware. 

The  works  for  collecting  water  for  this  town  were  enlarged  in  the 
latter  part  of  18i)3  by  sinking  twelve  tubular  wells  in  the  valley  of 
Muddy  Brook,  about  600  feet  north  of  the  large  well,  which  was 
previously  the  only  source  of  supply  for  the  town ;  and  by  con- 
structing a  well  nine  feet  in  diameter  and  six  feet  in  depth  at  the 
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WALTl 

Microscopical  Examination  of  Water  from  the  Distributing  Beservoir  of 

WdUham  Water  ITorAw  —  Concluded. 

[Namber  of  organisms  per  cubic  centimeter.] 


18M. 

May. 

June. 

Jolj. 

Anff. 

Sept 

Oct. 

Not. 

Day  of  examlnatioD,      • 

16 

14 

16 

16 

14 

10 

14 

Number  of  sample. 

10300 

10616 

loe&i 

10806 

11021 

11100 

usao 

PLANTS. 

DlatomaceeB,    .... 

18,460 

281 

1,100 

5,400 

1,140 

088 

14,888 

i 

Asterlonella,     .... 
Cyclotella,         .... 
Frsgllaria,         .... 

MeloBlra 

Svnedra 

Tabellaila,        .... 

080 
0 
0 
0 
12,480 
0 

212 
6 
0 
2 
8 
8 

920 

0 

180 

0 

4,840 
0 
0 
0 
660 
0 

700 
0 
0 
0 

440 
0 

888 
0 
0 
0 
0 
0 

14,800 
0 
0 

12 
0 

28 

i 

• 

AlgSB, 

t 

1 

1 

t 

100 

4 

8f 
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Dinobryon  cases,  .  .  • 
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TJTella 

VermeSt  Rotatorlan  ova,    . 
IffsesiloneoiM,  Zodglosa,       .       • 
Total, 
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0 
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0 

0 
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0 

0 

0 

0 

2 

0 

0 
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ll 


70 


20 


82 


18,472 


671 


1,176 


6,464 


1,348 


1,107 


14,806 


4,814 


site  of  a  large  spring  located  near  the  tubular  wells.  The  tubulai 
wells  are  located  within  an  area  approximately  150  feet  in  lengtl 
and  somewhat  less  than  100  feet  in  width.  The  depth  of  the  wells 
varies  from  twenty-eight  to  thirty-nine  feet  and  averages  thirty-four 
feet.  Water  from  the  wells  and  spring  flows  by  gravity  through  a 
twelve-inch  pipe  to  the  main  well. 
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Water  Supply  of  Watertown  and  Belmokt  —  Watertown 
Water  Supply  Company. 
The  Watertown  Water  Supply  Company  nude  extended  inveati- 
gatioDS  in  1893  with  reference  to  obtaining  nn  additional  supply  of 
water  from  the  ground  in  the  vicinity  of  its  pumping  station  and 
examined  other  sources.  The  company  also  made  an  application  to 
the  State  Board  of  Health  for  its  advice  relative  to  the  improvement 
of  its  supply,  and  many  of  the  analyses  given  in  the  following  tables 
were  made  during  the  investigations  of  the  Board,  but  at  the  end 
of  the  year  the  matter  was  still  under  coneideratioQ. 

The  investigations  showed  that  the  water  collected  by  the  original 
filter-gallery  and  by  a  system  of  tubular  wells  northwesterly  from 
the  pumping  station  was  nearly  the  same  in  character  as  during  the 
earlier  years  of  the  operation  of  the  works,  but  water  collected  from 
the  ground  in  an  easterly  direction  from  the  pumping  station  has  to 
a  greater  or  less  degree  the  usual  characteristics  of  a  water  contain- 
ing iron.  The  most  successful  results  were  obtained  from  some  six- 
inch  wells  located  about  950  feet  southeast  of  the  pumping  station, 
and  about  forty  feet  from  the  river.  A  temporary  pump  was  con- 
nected with  these  wells  in  the  summer  of  1893,  and  during  the 
summer  and  autumn  a  material  addition  to  the  water  supply  was 
obtained  from  this  source.  The  last  three  anilyses  in  the  table  on 
page  314  are  of  samples  of  water  from  these  well*.  It  is  probable 
that  most  of  the  water  which  they  supplied  came  by  filtration  from 
the  river,  and  although  it  contained  iron  and  manganese  and  did  not 
show  the  high  degiee  of  chemical  purificntion  which  water  attains 
when  it  filters  a  sufficient  distance  through  the  ground  under  favor- 
able circumstances,  it  was  rendered  very  nearly  pure,  bacterially, 
by  the  filtration. 

The  table  on  page  315  contains  the  analyses  of  water  from  two 
deep  tubular  wells,  one  located  near  the  pumping  station,  and  the 
other  in  the  centre  of  the  main  village  of  Watertown.  Neither  of 
these  deep  wells  furnished  any  lai^e  quantity  of  water  nor  was  the 
quality  of  the  water  satisfactory,  and  no  part  of  the  water  supply 
of  the  town  is  now  taken  from  them. 


WATEBTOWN  ANI>  BEI.MONT. 

C/uiaical  Examination  of  Water  from  a  Faucet  in  th*  Ftimping  Station  of  the 
Walertoum  Water  Supply  Company. 

[rmrUparlOO.OOO.] 
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WATEBTOWK  ANI>  BEL 

Microscopical  Examinaiion  of  Water  from  a  Faucet  in  the  Pumping  SUUioi 

Waiertown  Water  Supply  Company, 

[Komber  of  orgualsnt  per  cable  oeotlmeler.] 
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ChemuxU  Examination  of  Water  from  a  Faucet  in  Waiertown^  supplied  f 
the  Works  of  the  Wateriown  Water  Supply  Company, 

[PWU  per  100,000.] 
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Odor  of  the  flret  eemple,  none,  becoming  dlatinctly  nnpleaaant  on  heating;  of  the  third  aample, 
tinetly  earthy,  diaappearing  on  heating;  of  No.  10804,  none,  beooning  very  faintly  vegetable  on  h 

log;  of  the  remelnlDg  aamplea,  none. The  aamplea  were  eoUected  from  a  faaoet  in  a  houae  in 

eaaterly  part  of  Watertown. 
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Microscopical  Examittaiion  of  Water  from  a  Faucet  in  Waiertown,  supplied  frtm 

the  Works  of  the  Watertown  Water  Supply  Company, 

[Namber  of  organisms  per  cable  centimeter.] 
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•Chemical  Examination  of  Water  fron^  Tubular  Test  Wells  in  the  Vicinity  of  the 
Pumping  Station  of  the  Watertown  Water  Supply  Company, 

[Parts  per  100,000.] 
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*  This  sample  contained  also  0.1760  part  manganese. 

Odor  of  the  first  three  samples,  none;  of  the  last  three,  moaldy  or  unpleasant;  on  heating,  the  odor 
of  the  second  sample  was  distinctly  vegetable,  and  of  the  last  two,  faintly  vegetable. The  first  sam- 
ple was  collected  from  a  group  of  tubular  wells  located  a  short  distance  northwest  of  the  pumping 
station ;  the  second  and  third,  from  a  flowing  well  two  Inches  in  diameter,  located  about  one  thoosand 
feet  southeasterly  from  the  pumping  station  and  about  seventy-five  feet  from  Charles  River;  the  last 
three,  from  six-inch  tubular  wells,  located  about  nine  hundred  and  fifty  feet  soatheast  of  the  pumping 
station  and  about  forty  feet  from  the  river.  Water  was  pumped  from  these  six-Inch  wells  into  the  filter- 
gallery  iu  the  summer  and  autumn  of  1898. 
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WATEUTOWN  ANI>  BELMONT. 

Microscopieal  Examination, 

No.  10418.  Diatomaoe«B,  MtloHrat  8;  Tabetlariat  2.  Fungi,  OrenothHx,  84.  Miscellaneons, 
ZodglaotU.    Total,  es. 

No.  10607.    Fnogl,  Orenothrix,  10.    MisoelUneous,  Zodglctat  3.    Toul,  12. 
No  orguilsmt  were  foand  Id  the  remaining  wmplee. 

Bacterial  Examination. 

Three  ■amples  of  water  eolleeted  on  June  80  from  the  two-iooh  flowing  well  from  which  Noe.  10418 
lad  lOMO  were  collected,  contained  an  average  of  five  bacteria  per  cable  centimeter,  the  hlgheet  num* 
bcr  fbend  being  eeven  and  the  loweet  two. 

Three  nmples  of  water  collected  on  July  17  from  the  tlx-lnch  tnbnlar  wella  contained  an  average 
of  fonr  bacteria  per  cubic  centimeter. 

llieee  wells  wore  examined  again  on  October  23,  two  samples  being  collected,  each  of  which  con- 
tained four  bacteria  per  cable  centimeter. 

Chemical  Examination  of  Water  from  Deep  Tubular  Wells  in  Watertown. 

[ParU  per  100,000.] 
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*  All  determinations  of  this  sample  were  made  on  the  Altered  water. 

Oterof  the  first  sample,  faintly  earthy;  of  the  last,  none. The  first  sample  was  collected  from 

s  tubolar  wail  eight  Inches  In  diameter  and  about  250  feet  In  depth,  located  about  fifty  feet  south  of  the 
pomplng  statio*  of  the  Watertown  Water  Bupply  Company ;  the  last,  from  a  deep  tubular  well  located 
Mar  the  centre  of  the  main  village  of  Watertown  and  near  the  railroad  stetlon.  It  is  said  that  160,000 
gsilons  of  water  were  pnmped  from  the  latter  well  in  the  twenty-six  hours  previous  to  the  collection 
of  the  sample. 

Microscopical  Examination. 

No  organisms. 


Water  Supply  of  Webster. 

Description  of  Works. — Population  in  1890,  7,031.  The  works 
are  owned  by  the  town  and  water  was  introduced  Jan.  1,  1894. 
The  town  had  been  supplied  for  many  years  previous  to  this  time 
from  works  owned  by  H.  L.  Slater,  the  source  of  supply  being 
Lake  Cbanbunagnngamaug.  The  new  source  of  supply  is  a  well 
twenty-five  feet  in  diameter  and  thirty  feet  in  depth,  located  on  the 
northwesterly  side  of  the  lake,  about  200  feet  from  the  shore.  The 
wall  of  the  well  is  made  of  stone,  laid  without  mortar,  for  a  height 
of  three  feet  aboye  the  bottom,  and  above  this  level  also  of  stone. 


316 


STATE  BOARD  OF  HEALTH,         [Pub.  Doc. 


WKBSTEB. 

bat  with  an  interior  lining  of  brick  masonry  twelve  inches  in  thick- 
ness. The  ground  about  the  well  is  two  or  three  feet  higher  than 
the  water  in  the  lake.  The  well  is  covered  by  a  conical  roof  to 
exclude  the  light.  Water  is  pumped  from  the  well  to  the  town  and 
to  an  open  iron  tank  thirty  feet  in  diameter  and  100  feet  in  height. 
Distributing  mains  are  of  cast-iron ;  service  pipes  are  of  wrought 
iron  lined  with  cement. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Webster 
with  regard  to  taking  a  water  supply  from  this  source  may  be  found 
on  page  62  of  this  volume. 


Chemical  Examinalion  of  Water  from  a  Tubular  Test  Well  in  Webster. 

[Parts  per  100,000.] 
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Odor,  none. ~~- The  sample  was  collected  from  a  test  well  located  about  IJOO  feet  north  of  Lake 
Street  and  two  hundred  feet  from  Lake  Chaubunagungamaug,  near  where  the  large  well  was  subse- 
quently located. 

Microscopical  Examination. 

No  organfaoM. 


Water  Supply  of  Wellesley. 

Chemical  Examinalion  of  Water  from  the  FiUer-Qallery  and  Well  of  the  Wellesley 

Water  Works, 

[ParU  per  100,000.] 


Date  of 

Collection. 

APPKARAHCB. 

1 

il 

1 
6.T0 

,   6.90 

AmcoN'iA. 

• 

1 

NiTROOBX 
AS 

/ 

1 

1 

• 

a 

i 

1 

i 

Albo- 
mlnoid. 

s 

i 

1 

10688 
10684 

18M. 

July  11 

July  11 

None. 
Kone. 

V.  slight. 
V.  slight. 

0.0 
0.0 

.0000 
.0000 

.0008 
.0014 

.62 
.60 

.0600 
.0600 

.0000 
.0000 

.0667 

.0667 

1 

2.8 
2.8 

.0060 
.0100 

Odor,  none. The  first  sample  was  collected  from  the  filter-gallery;  the  last,  from  the  well  at 

Williams  Spring. 

Microscopical  Examination, 

No.  10683.    Miscellaneous,  ZoOglaa,  1. 
No.  10684.    No  organisms. 
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WESTBOBOtTQH. 

Water  Supply  op  Westborough. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  West- 
borough,  with  reference  to  increasing  the  supply  of  filtered  water 
from  the  Lower  Sandra  Basin  by  facilitating  the  filtration  of  water 
from  the  Upper  Basin  into  it  through  the  intervening  ground  may 
be  found  on  page  63  of  this  volume. 

Water  Supply  op  Westborough  Insane  Hospital,  West- 
borough. 

Chemical  Examination  of  Water  from  the  Tubular  Wells  at  the  Westborough 

Insane  Hospital, 

[ParU  per  lOO.OOO.] 


• 

AmAIMfCM. 

• 

1 

1 

AucoiriA. 

NITBOOKX 

▲a 

• 

1 

E 

9 

J 
1 

*i 

1 

1 

•o 
•3 

< 

1 

1 

S 

1 

1 

,  IftM. 

me   Jan.  S5 

SHgbt, 
milky. 

None. 

0.42 

11.15 

1 

.0846 

1 

.0066 

.42 

.0080 

.0001 

.1181 

6.8 

.1300 

10182   Mar.  2T 

1 

DUtinct, 
milky. 

None. 

0.80 

ll.U 

1 

.0564 

.0068 

.41 

.0280 

.0001 

■ 

.0847 

6.0 

.1100 

IMU   Hay  U 

1 

Slight, 
milky. 

V.  alight. 

0.40 

10.05 

.0720 

.0050 

.87 

.0000 

.0000 

.1575 

5.4 

.0675 

• 

10978   Jaiy  18, 

Slight. 

V.  slight. 

0.18 

11.10 

.0900 

.0050 

.40 

.0000 

.0001 

.1248 

5.8 

.0780 

At... 

milky. 

0.88 

1 

1 

6.8 

1 

1  11.00 

.0758 

.0056 

.40 

.0078 

.0001 

.laoo 

.0064 

Averages  of  Analyses  of  Previous  Years. 


1887* 

• 

- 

0.06 

11.20 

.0407 

.0083 

.42 

.0080 

- 

- 

- 

1888 

• 

- 

0.06 

11.27 

.0502 

.0051 

.42 

.0045 

.0000 

- 

- 

1880t| 

- 

• 

0.16 

11.41 

.0530 

.0040 

.48 

.0030 

.0000 

- 

- 

laoit 

- 

- 

0.50 

11.80 

.0784 

.0100 

.48 

.0040 

.0000 

- 

6.0 

1808 

- 

- 

0.83 

11.00 

'.0758 

1 

.0056 

.40 

.0078 

.0001 

.1200 

5.8 

.0064 


*  Jane  to  Deoemher. 


t  Janoary  (o  May. 


X  July,  two  aamplea. 


NoTB  to  aoalyaea  of  1808;  Odor  of  the  flrat  sample,  none,  becoming  distinctly  vegetable  and  grassy 
OB  heating;  of  the  second  sample,  offensive,  disappearing  on  heating;  of  the  remaining  samples,  none. 
— The  samples  were  collected  from  a  faaeot  at  the  pamping  station  while  paropiog. 

Iron  hi  coDdderable  amoant  is  characteristic  of  the  water  of  theee  wells.  It  oxidizes  promptly  on 
ctposnre  to  the  air  and  precipitates,  causing  first  a  milky  turbidity  and  then  a  rusty  precipitate.  Some- 
what  similar  ooDdltioiia  exist  in  the  water  supplies  of  Beading,  Bradford  and  other  places. 


Microscopical  Examination. 

The  orgsaltoM  found  in  these  samples  in  1883  were  chiefly  ZoOgloDa,  the  greatest  number,  124,  being 
present  in  Juoary,  and  the  smallest,  6,  in  May. 
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"Wateb  Supply  of  Westfield. 

Chemical  Examination  of  Water  from  the  Storage  Reservoir  of  the  Westfield  Water 
Works,  on  Moose  Meadow  Brook,  Montgomeri/. 

[PuU  PM  100,000.]        V 


i 

i™„„. 

"rF 

AM.O.U. 

j 

»™.„ 

1 

f 

1 

1 

t 

SI 

J" 

1 

o.l»1d. 

1 

1 

1 

1 

ii 

1 

lOMI 
112M 

r 

DIMIut. 

Btifbt. 
Com. 

O.Tfi 

a.  DO 
a.io 

1.00 
I.M 

1 

.nxa 

.0330 

.on*  .VM 

.oe 

.0000 

O.BOSS 

... 

.VicnMcoptcal  Examination. 

Ka.  10043.  O\t.tomtaam,  Aiterionella.lfaa;  OocamtU,ta;  Cbawuma,  1 ;  (VeiiWzUa,  1;  IHalomQ, 
84;  ^^eilra.  BO.  CyiQopbfceB.  £por<j,  1.  Algn,  CAJOrDucou,  0;  £a;)A(iiJi>ni,  4 ;  ^lauRitlriini,  i. 
ruDfl,  CWfloUrii,  t.  BMu>pDda,^rcifto,3;  iJf^u^.a.  iDtamiiit,  iVrldliiJwii. 34 1  7rocA<toiuiiiii, 
S.    Varmt),  AnMTta,  !;  Jronacrrca.  1;  AifyarUrx,  1.    UlaMllontoti*,  Za«;2wi,  U.    Total,  1,344. 

Ho.  11300.  DlmtomuoB,  Atteriontlla,  144;  yavicala,  1;  5|ni«tra,  1;  TabeUaria,  199.  AlfV, 
^«nfiJ6«tnki«,  1 ;  Siaunutrum,l\  ZoSiporu,  I,  Fungi,  ^muUria;,  24,  Infiuorta.  7VaQl«ftjnKii»a«,  fi- 
UlnttUuKOBt,  ZoSflaa.Sl.    Total,  3SS. 

Chemical  Examination  of  Water  from  fA«  Distributing  Eetervoir  oj  the  Wettfiejd 
Water  Works,  on  Moose  Meadow  Brook,  Montgomery. 

[PuM  par  100,000.] 


Iron,  -OOM.    Odai>o(  the  Urn  umpla,  dlitlaetir  aoaUj;  of  th«  ueond,  dMlDcU; nftUbl*  ud 

■whUbIi;  of  ibolut,  hilBI]r>aR*I>t>l<. Tbe  uniplH  ware  lollntod  Irom  ilw  lower  or  dMrlboUnf 

r^Bervoir  la  Montgomery.  Witar  flowa  troiD  the  atonga  10  tha  dlitrlballog  raaarrolr,  ■  diatame  ot  a 
llllla  mora  tbao  two  mllaa.  In  Iba  open  ataanurl  of  Ibe  brook,  Wllag  uoro  Ihso  400  iHt  la  II*  OODns 
tram  the  aUnga  raaarrolr.  Tba  lover  raacrrolr  baa  ■  dtkluga  Bra*  of  two  and  on^quuwr  aqiuta 
m  Jea  In  addition  u>  tb*t  of  tba  alonga  reaarrolr. 


No.  34.]     EXAMINATION  OF  WATER  SUPPLII 


Microscopical  Examination  of  Water  from  the  Distributing  Res 

Westjield  Water  Works. 

[Namber  of  organlsmi  per  onbie  centimeter.] 


fleptemb 


Day  of  examination, 
Nnmber  of  aamplo,  . 


PLANTS. 


Dlatoxnacei 


A'teriooeUa, 
Dlatoma, 
BpUbemla,  . 
Navieala, 
Plnnalaiiaa  • 
Broedra,  • 
l^beUarlB,   . 


A  rthrodeamua, 
Cbiorocoeeua, 
Protoeuecaa, 
Btaaraatrum, 
Zodsporea,   • 


Pan^,  Crenoihriz, 


181 


to 


8 

10043 


82 

5 

8 

0 

2 

0 

Pr. 

2 

pr. 

1 

14 

1 

126 

0 

t 

18 

0 

2 

0 

7 

0 

10 

0 

0 

a 

0 

84 


ANIMALS. 


Inftisoria, 

Dinobryon 
PeridlDlnm, . 
Trachelomonaa, 


18 

5 

14 

0 


0 
2 
0 


MUcellaneouSt  ZoiSglcea 18 

84 

TOTAT^.               •            «           -■■>.•.• 

241 

168 

320 
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WESTFIEIiD, 

Chemical  Examination  of  Water  from  a  Faucet  in  Westfield,  supplied  from  the 

Westfield  WaUr  Works. 

[Parts  per  100,000.] 


a 

s 


o 

« 
Q 


10041 
10334 
11561 


Av. 


Fob.  -* 
Apr.  20 
Deo.  29 


Appsabakcb. 


■e 

a 


i 


I 


V.  slight. 
V.  Blight. 
V.  slight. 


y.  slight. 

Slight. 

Slight. 


0.50 
0.35 

0.40 


.0.42 

I 


Rksidub  oh 
Evapora- 
tion. 


I 


6*5 


2.75 
1.85 
2.65 


2.42 


0.75 
1.00 
0.90 


0.88 


Ammoioa. 


Albuminoid. 

. 

i 

1 

i 

1 

1 

0  P> 

tn 

H 

Q 

00 

.0014 
.0000 
.0000 


.0005 


.0120  .0084  .0036 
.0114  .00761.0088  .06 


c 
o 


.12 


0082.0072.0010 


.0105.0077.0028 


.18 


.11 


NiTBOGBK 
AS 


H 
C 


5 


I      I 

.0090.0000 

I  I 

.0050.0001 


•s 

a 

0 


a 

•6 


s 

1 

SB 


.4431 


0.0 


.37231  0.2 


.0300  .0000,. 3927   1.4 


.0147  .0000  .4029 


0.8 


*  Received  in  laboratory  February  26. 
Iron,  .0088.    Odor,  faintly  vegetable.  ——The  samples  were  collected  from  a  faucet  in  the  town. 

Microscopical  Examination  of  Water  from  a  Faucet  in  Westfield^  supplied  from 

the  Westfield  Water  Works. 

[Number  of  organisms  per  cubic  centimeter.] 


1998. 


February. 


May. 


Day  of  examination, .... 
Number  of  sample,    .       .       .       • 

PLANTS. 
DiatomaceaB,      .      .      .      . 

Asterlonella,        .       •       .       • 

Cyclotella, 

Diatoma 

Epii  hernia, 

Meridion, 

Navlcula 

Nllzschla 

Synedra, 

Tabellaria, 

AlfiT^,  Zoospores,   .... 

ANIMALS. 
Infusoria, 

Dinobryon  cases,        .       .       . 
Peridinium, 

MiicellaneauSt  ZoQgloea,  . 

Total, 


28 
10041 


S 

10334 


18S4. 


Jannary. 


13 

1 

8 
2 
0 
2 


ir 
1 

pr. 

4 
2 
0 
1 
6 

18 


14 

0 
14 


44 

4 

40 


1 

11561 


1 
0 
0 
1 

pr. 

pr. 
0 
2 

pr. 


0 
1 


119 


84 


0 


No,  84.]    EXAMINATION  OF  WATER  SUPPLIES.  321 

WXST  SFBINGFEBI.D. 

Wateb  Supply  op  West  Spmngpield. 

The  town  of  West  SpriDgfield  extended  its  works  in  1893  with  a 
yiew  to  supplying  water  to  the  village  of  Mittineague,  which  is  sit- 
uated at  too  great  an  elevation  to  be  supplied  with  water  from  the 
existing  works.  The  new  source  of  supply  is  a  well  twenty-five 
feet  in  diameter  and  fourteen  feet  deep,  located  at  the  Craig  Springs 
a  short  distance  below  the  storage  reservoir.  The  well  is  supplied 
in  part  by  the  numerous  springs  in  its  vicinity,  the  water  of  which 
is  collected  by  means  of  small  pipes  into  a  main  pipe  which  carries 
it  to  a  settling  well  and  thence  to  the  main  well.  Water  is  pumped 
from  this  well  by  means  of  a  windmill  to  a  tank  at  Mittineague. 
The  advice  of  the  State  Board  of  Health  to  the  town  of  West 
Springfield  relative  to  an  additional  water  supply  for  the  town  may 
be  found  on  page  ri5. 

Chemical  Examination  of  Water  from  Various  Sources^  collected  during  an 
Investigation  for  an  Additional  Water  Supply  for  West  Springfield, 

[Parts  per  100,000.] 


a 

o 
e 


o 

s 


ArPBABAXOB. 


• 

1 

1 

H 

2 

o 

10108  Maj  16  I  V.gllgfat. 

10100  ICav  16  '  None. 

I 


10101  May  16 
10403' May  16 


V.aUght. 
V.  Blight. 


lOm  Mayl6j  V.  alight. 
10ittMay23    V.aUght. 


Slight. 
None. 


0.12 
0.00 
0.04 


Cons., 

•mod. I 
V.aUght.  ,0.04 


SUght. 

Slight, 
dark. 


0.80 
0.00 


Rbsidcs  o» 

EVAPOBA- 
TION. 


6.00 
6.80 
8.46 
8.10 
4.00 
6.10 


§1 

r 


1.80 

0.80 
1.00 
1.66  I 

-    I 


Ammobxa. 


Albuminoid. 

t 

• 

1 

1 

ii 

1 

a 

h» 

H 

Q 

00 

.0002  .0114 
.0000.0006 

.0000.0024 

I 
.0000.0040 

I 
.0000.0006 

I 
.0000.0024 


.0100  .0014 


.0018 
.0082 
,0078 


.0006 
.0008 
.0018 


6 

a 

i 


.00 
.13 
.21 
.11 
.10 
.30 


NiTBOOBH 
A0 


I 


s 

•mm 

9^ 


1 

0 

I 

a 

M 

o 


.0120  .0000  .2518 
.0880  .0000 '.0328 


.0600.0000 

.0000.0000 

I 
.0070.0001 

.1800.0000 


.0766 

.0040 

'.3760 

.0600 


i 


3.2 
8.6 
1.8 
6.7 
1.8 
1.6 


Iro«,  .0041.  Odor  of  the  firat  and  fourth  aamplea,  diatlootly  vegetable  and  graaay,  becoming 
Metly  Tegetable  on  heating;  of  the  aeeood  and  third,  none;  of  the  laat  two,  very  faintly  vegeta- 
ble-  The  flrat  aample  waa  coUeeted  from  Bear  Hole  Brook,  In  the  northweaterly  part  of  Weat 

Bptiagfteld,  near  the  Maaaaaolt  Spring,  and  about  two  milea  below  the  outlet  of  Ashley  Pond;  the 
Meond,  from  the  Maaaaaolt  Spring;  the  third,  from  Leonard  Brook  in  Agawam,  about  hnlf  a  mile  above 
Ut  Boutb.  Thia  brook  la  a  very  amaU  tributary  of  the  Weatfleld  River,  and  entera  It  from  the  aouth 
it  the  flnt  bridge  above  ita  month.  The  fourth  aample  waa  oolleeted  from  Lathrop  Brook  in  Weat 
SprlBgfleld,  a  aaaaU  tributary  of  Block  Brook,  entering  it  about  a  mile  and  a  half  from  ita  mouth; 
the  ttflh  aample  from  Hyde  Brook  in  Weat  Springfleld,  at  the  point  where  It  ia  oroaaed  by  a  road  leading 
'ron  Mitttnoigue  to  Proepeet  BUI;  and  the  laat  aample  from  the  Oralg  Spring,  which  ia  now  uaed  to 
"ipply  the  vUlage  of  Mittineague. 


WEST   BPRlNGFIBri). 

Microieopical  Examination  of  Water  from  Variotu  Boureea  collected  during  b 
Investigation  for  an  Addilionai  Water  Bupply  for  West  Springfield. 

[Nnmbtr  of  orisnlmii  par  o 


IMS. 

MW- 

xk). 

MW. 

MW. 

Mir. 

Mv- 

U 

IS 

» 

U 

IB 

29 

HoiDb.rMH.pl., 

lOUS 

lOlW 

IMU 

IIMM 

IMH 

IMU 

PLAHTfl. 

M 

t 

11 

1 

s 

tl 

tf:^^T-  :   :   :   :   : 

crtioiBii. 

g&r;    ;   :   :   :   : 

S?;  :  ;  ;  ;  : 

SiSii.-.   ;   :   :   :   : 
Wr*:   ;   :   :   :    : 

Pfj 

pi 

Alvn,  Btaarutrnm 

• 

e 

1 

pr. 

0 

No.  34.]      EXAMINATION  OF  WATER  SUPPLIES. 

Chemical  Examination  of  WaUrjrom  Faucets  in  Weymouth^  etc.-^  Com 

Averages  of  Analyses  of  Previous  Tears. 

[ParU  {Mr  100,000.] 


Afpbabasob. 


* 

«» 

g 

2 

J 

jj 

H 

1 

8 

0.08 
0.88 
1.40 
O.M 
0.70 


Rmidub  o» 
Etatoia- 

AKMOmA. 

NmOOBK 

At 

TIOH. 

1 

S 

.47 

1 

n 

r 

1 

Albamlnoid. 

1 

1 

5 

1 

1^ 

4.06 

1.75 

.0007 

.0210 

. 

.0080 

. 

4.16 

1.04 

.0020 

.0225 

m. 

• 

.48 

.0074 

.0000 

• 

• 

.0000 

.0230 

.0220 

.0010 

— 

.0040 

.0000 

8.82 

1.86 

.0000 

.0173 

.0156 

.0017 

.51 

.0077 

.0000 

3.86 

1.06 

.0003 

.0163 

.0139 

.0025 

.57 

.0008 

.0000 

I 


*  Jnoo  to  Deeembor.  f  Jaoaary  to  May.  X  J^lj* 

NoTB  to  aoAlyBos  of  1808;  Iron,  .0182.    Odor  of  tbe  firtt  sample,  dlatlnetly  yogetable;  of  tl 

and  laat  aamplea,  faintly  vegotablo;  of  the  third  Minpla,  none. The  samplea  were  coUec 

faucets  in  the  town. 

Microscopical  Examination. 

Verj  few  organisms  were  fonnd  in  any  of  these  samples. 


Water  Supply  op  Whitman. 

The  advice  of  the  State  Board  of  Health  to  the  town  of  Whii 
with  reference  to  taking  an  additional  supply  of  water  for  that 
from  ponds  in  Pembroke,  Hanson  and  neighboring  towns,  mi 
found  on  page  67  of  this  volume. 

For  analyses  of  samples  of  water  from  the  various  ponds 
tioned  in  the  reply  of  the  Board,  see  Abington^  Hanson  and  . 
broke.     Analyses  of  samples  of  water  from  the  present  sourc 
supply  are  given  below. 


Chemical  Examination  of  Water  f rem  the  Filler^Oallery  of  the  Whitm 

Water  Works. 

[Parts  per  100,000.] 


i 

B 


a 
o 


S 
Q 


8 


10178 
10666 
11067 


Av. 


1998. 

Ifar.  28 
June  27 
Sept.  20 


Appsakaxcs. 


3 
H 


s 
J 

2 


V.  slight. 
I  Distinct. 

I  DlBtlDOt. 

milky. 


Blight. 
Slight. 
SUght 


I 


0.25 
1.10 
0.18 


0.51 


a 

J 

•  m 
a> 


I 


8.50 
6.70 
6.90 


5.70 


AXMOmA. 


• 

0 

0 

i 

1^ 

h 

< 

.0022 

.0068 

.0032 

.0322 

.0028 

.0238 

.0027 


.0200 


.60 
.88 
.00 


.81 


MITBOOSN 

AS 


I 

Si 


i 

E 


.0150 
.0000 
.0050 


.0007 


.0000 
.0000 
.0001 


.0000 


■8 
B 

0 

a 

o 


.3175 
.8216 
.6248 


.5546 


8 
S 
t 


1.3 
1.0 
2.2 


1.8 
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WHITMAN, 

Chemical  ExaminaHon  of  WaUr  frotn  the  FiUer-Gallery-of  ihe  Whitman  Water 

Works -^  Concluded. 

Averages  of  Analyses  of  Previous  Tears, 

[ParU  per  100,000.] 


9 

Appeaxanci. 

d 

Ammoma. 

MiTBOOBH 

• 

■^^  — 

1 

AS 

a 

eg 

• 

B 

j 

.3 

«3 

5S. 

S2; 

•a 

-s 

B 

1 

i 

s 

g^ 

• 

i 

B 

1 

1 

1 

1 

X 

1 

Albu- 
rn 

S 

S 

1 

1 

1 

1887» 

. 

0.85 

7.25 

.0142 

.0267 

.76 

.0105 

. 

« 

1888t 

. 

• 

0.23 

5.87 

.0123 

.0102 

.71 

.0203 

.0006 

• 

• 

• 

• 

1880 

. 

m. 

0.30 

4.06 

.0005 

.0155 

.68 

.0148 

.0004 

« 

. 

. 

. 

1800 

m. 

. 

0.26 

5.82 

.0048 

.0142 

.78 

.0177 

.0001 

• 

2.1 

• 

« 

1801 

« 

_ 

0.45 

5.64 

.0067 

.0184 

.68 

.0187 

.0001 

M» 

1.0 

. 

■ 

1803 

" 

" 

0.61 

6.70 

.0027 

.0200 

.81 

.0067 

.0000 

.6546 

1.8 

.0402 

*  Anguat  and  October. 

Nor  to  analyses  of  1898;  Odor  of  the  first  two 
pies  were  collected  from  the  filter-gallery. 


t  July  to  Deeember. 
imples,  Tegetable;  of  the  last,  none. 


The 


Microscopical  Examination  of  Water  from  (he  FtUer-QaUery  of  the  Whitman 

Water  Works. 

[Number  of  organisms  per  enbic  centimeter.] 


March. 


1S»8. 


Jane. 


September. 


Day  of  examination,         . 
Number  of  sample,    .       .       .       • 

PLANTS. 
Dlatomaces 

Synedra, 

Tabellaria 

AIfir8d»  Protocooeus, 

ANIftiALS. 
Bhlzopoda, 

Actlnophrys,       .... 
Dlfflagla 

Infusoria, 

Dlnobryon  cases,        •       •       . 

Peridlniam 

Traehelomonas,  .... 

Vermes, 

Annrea, 

Rotifer  cases 

Mitcellaneoust  ZoSglcsa,  . 

Total, 


10178 


27 
10666 


81 
11067 


4 
0 


0 

0 
0 


2 

0 
2 


0 

0 
0 

41 

0 

41 
0 

0 

0 
0 


10 


3 

3 
0 

1 

0 
0 

1 

2 

1 

1 


0 

1 


12 

11 

1 


0 

0 


66 


10 


27 
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WHITMAN". 

Chemical  Hxaminalion  of  Water  Jram  HoharVs  Pond^  Whitman. 

[Partt  i>«r  100,000.] 


% 

% 

S  1 

§ 

1 

^ 

§ 

S 

a 

2 

1898. 

10m|Mar.28 

10565  Jnne27 
11056;  Sept20 


At. 


I 


▲ppsabahcb. 


SHght. 

DltUnet, 
green. 
Slight. 


6 


Slight. 
SHght. 
SUght. 


0.50 
1. 10 
0.40 


0.67 


i    S? 


RB8IDDK  OK 

EVAPORA- 

TIOK. 

AmcoNiA. 

a 
1 

s 

.61 
.82 
.98 

.80 

^ITBOOBM 
AS 

Lesson 
Ignition. 

1 

Albamlnold. 

1 

• 

H 

^ 

1 

4 

CO 

8.76 
0.85 
0.26 

1.15 
2.50 
2.80 

2.15 

• 

.0008 
.0010 
.0008 

.0009 

.0174 
.0392 
.0862 

.0800 

.0146 

.onao 

.0840 

.0028 
.0002 
.0022 

.0087 

.0180 
.0000 
.0000 

.0000 
.0000 
.0000 

.0000 

5.02 

.0872 

.0060 

•a 

I 

p 

a 

o 
U 

B 

& 


SB 


.4745 
.8176 
.6906 


.6439 


1.1 
1.8 
1.0 

1.0 


Averages  of  Analyses  of  Previous  Tears. 


1887* 


!l 


1888 
1889 
1803 
1891 
1893  ! 


- 

1.43 

7.87 

- 

1.02 

6.01 

- 

0.89 

5.11 

- 

0.57 

6.11 

- 

0.64 

5.34 

- 

0.07 

5.82 

2.48 


.0127 


2.20  .0051 
1.80  I  .0087 


2.64 
2.02 
8.16 


.0027 
.0012 
.0009 


.0600 

- 

- 

.80 

.0003 

- 

- 

.0407 

- 

- 

.70 

.0188 

.0002 

- 

.0392 

.0327 

.0065 

.71 

.0080 

.0002 

- 

.0319 

.0867 

.0062 

.69 

.0186 

.0002 

- 

.0834 

.0278 

.0061 

.68 

.0112 

.0001 

- 

.0309 

.0272 

.0037 

.80 

.0060 

.0000 

.6439 

l2.0 
1.0 
1.6 


*  Jone,  July,  October  and  December. 

Kon  to  analyaea  of  1888 ;  Iron,  .0188.    Odor,  vegetable,  becoming  unpleaeaot  in  the  firtt  two  samples 
on  heating. The  aamplea  were  eolleeted  from  the  pond  near  the  outlet. 


Microscopical  Examination  of  Water  from  HoharVs  Pond^  Whitman. 

[Knmber  of  organisms  per  cable  centimeter.] 


March. 


1888. 


Jane. 


Septemlwr. 


Day  of  examination, .       .       .       • 
Homber  of  sample,    .       .       .       . 

PLANTS. 

Dlatomaoefls,      .      .      .      . 

Dlatoma, 

MekMim, 

Meiidlon, 

Sjnedra, 

TabeUarU, 

AlgSB, 

Chloroeoeeiis,  .  .  .  . 
PioCoooeeos,  •  .  .  . 
Btaurastram,       •       .       •       . 

Puiiffl.  Crenothrlz, 


29 
10177 


87 
10606 


81 
11060 


89 

8 

0 

3 

14 

4 

11 

11 
0 
0 


18 

0 
8 
0 
8 
1 

s 

0 
0 
3 


0 
0 
0 
0 
0 

44 

1 

43 

0 


Microscopical  Examination  of  Water  from  BobarCa  Fond —  Concluded. 


■  M». 

Mknh. 

j™. 

B.P«b«. 

AinuALa. 

Btitsopoda 

■ 

n 

1 

SSai-   ::::::::; 

82 

; 

^ 

W 

fax:,—.   .::::;:: 

U 

'• 

s 

Vftnnoa, 

1 

l« 

1 

s 

T 

JHk««M»w,  ZoSflo*. 

It 

te 

a 

TffTil, 

m 

110 

H 

Wateb  Supplt  of  Winchester. 
Chemical  Examination  of  Water  from  tkt  North  Beservtnr  of  the  WtnchctUr 
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WEfCHBSTEB, 

Chemical  Examination  of  Water  from  the  North  Beservoir  of  the  Winchester 

Water  Works — Concluded. 

Averages  of  Analyses  of  Previous  Tears, 

[Parts  per  100,000.] 


APrSABAXOB. 

KUIDUC  OK 

Etapoba- 
noM. 

Amkoxia. 

e 

.58 

NnwMav 

AS 

S 
S 

1 

3 

H 

1 

1 

1 

LoMon 
Ignition. 

1 

Albuminoid. 

§ 

S 

•c 

i: 

1 

B 

£ 

1 

Sus- 
pended. 

n 

^ 

1887» 

. 

. 

.11 

5.08 

1.18 

.0015 

.0190     - 

_ 

.0037 

. 

m 

1888 

« 

. 

.16 

4.03 

1.24 

.0045 

.0278 

• 

. 

.47 

.0181 

.0003 

« 

• 

m 

18W 

. 

.18 

4.52 

1.18 

.0022 

.0228 

.0176 

.0047 

.47 

.0105 

.0003 

. 

_ 

« 

18W) 

« 

. 

.00 

5.80 

1.81 

.0017 

.0201 

.0160 

.0041 

.52 

.0153 

.0002 

. 

2.7 

- 

1891 

• 

. 

.10 

4.04 

1.80 

.0084 

.0222 

.0160 

.0058 

.51 

.0152 

.0001 

. 

2.1 

- 

1892 

• 

. 

.08 

5.23 

1.50 

.0058 

.0217 

.0177 

.0040 

.60 

.0192 

.0002 

. 

2.5 

1808 

1 

^ 

.07 

5.18 

1.02 

.0055 

.0252 

.0172 

.0080 

.59 

.0127 

.U002 

.2718 

8.8 

*  June  to  Deoembsr. 

KoTB  to  BDalyses  of  1808;  Iron,  .0057.  Odor,  Tegolabls,  oecasionally  moaldy  or  nnplessant. -: — 
The  vamples  were  collected  from  the  North  Reservoir,  near  the  gate-hoase,  about  one  foot  beneath  the 
•arfsoe. 

Microscopical  Examination  of  Water  from  the  North  Reservoir  of  the  Winchester 

Water  Works. 

[Nnmber  of  oi^anisms  per  cnbie  centimeter.] 


1998. 


Jsa. 


March. 


Maj. 


June. 


Sept 


Not. 


Dsj  of  examination,        •       .       .       . 
Nnmber  of  sample, 

PLAITTB. 
Dlatomsceao, 

Asterionella, 

Cycloulla, 

Fragliaria, 

Heiosira, 

Byo^ra*     •••••. 
Tabeilarla 

Cyanopliyceao 

Anab«na,  ...        .       •       . 

Chn>5eoceus, 

Clathroeystl*. 

CoBloepherinm 

Bapaioeiptron, 

Microcystis, 

Alg», 

Chloroeoccns, 

CloMerlum, 

Hyalotheea, 

Protocoeens, 

Baphidiam, 

Btanrastnam, 


5 

7 

4 

11 

9 

9851 

10080 

10861 

10622 

10080 

42 

t 

6JM 

0 

8 

0 

0 

2,800 

0 

8 

1 

0 

118 

0 

0 

0 

0 

104 

0 

0 

0 

s 

0 

0 

0 

1 

0 

2,488 

0 

0 

40 

0 

254 

0 

0 

1,268 

0 

42 

1 

2 

0 

0 

2 

0 

0 

1,268 

0 

0 

0 

0 

0 

0 

0 

1 

2 

0 

0 

0 

0 

0 

0 

0 

40 

0 

0 

0 

0 

0 

0 

0 

1 

0 

60 

120 

28 

8 

0 

6 

0 

7 

0 

0 

82 

74 

1 

4 

0 

0 

0 

0 

0 

0 

21 

46 

6 

0 

0 

0 

0 

8 

0 

0 

1 

0 

2 

9 
11298 


in 

98 

60 

0 

16 

1 

1 

87 

7 

0 

1 

19 

0 

10 

45 

12 
1 
0 

80 
0 
2 
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WINCHESTER. 

Microscopical  ExaminaUon  of  Water  from  ike  North  Reservoir  of  the  Winchester 

Water  Works — CoDcluded. 

[ITamber  of  organisms  per  cubic  centimeter.] 


1II98. 

Jan. 

March. 

May. 

Jane. 

Sept. 

Not. 

ANIMALS. 
Bhlsopoda,  Actlnophiys, . 

Infusoria,    .      .      .      . 

Dinobryon,        .       .       . 
Dinobryon  cases, 
Peridiniam, 

Tracheloraonas,         •       . 
Vorticella 

Vermes,  Rotifer, 

* 
Crustaoea,  Cyclops, . 

JfUcellaneoitt, .... 
Acarina,     .       .       .       . 

ZoSglOBli,      .... 

Total,       .... 


0 

.01 

6 

18 

n 

17 

0 

.01 

.04 

0 

.01 

0 

0 

0 

6 

18 

72 

27 

8 

0 

4 

0 

0 

T 

8 

8t 

0 

1,148 

0 

1 

0 
0 
0 

0 
0 
0 
8 
0 

60 

2 

35 

0 
0 
0 
0 
0 

0 

1,120 

1 

28 

0 

0 

0 

0 

1 

0 

0 

.10 

0 

0 

0 

0 
36 

0 
17 
13 


1,327 


6,967 


140 


1,254 


844 


Chemical  Examination  of  Water  from  the  South  Reservoir  of  the  Winchester 

Water  Works. 

[ParU  per  100,000.] 


I 


I 


1898. 

0852  Jan.  4 
10081,  Mar.  6 
10352  May   8 


ArrBAXAVcs. 


S 


i 


a 


Slight. 
V.  slight. 

DlstlDCt. 


10623  July  10  !,  Distinct. 


11292 


Av. 


10981  Sept.  71  V.  slight, 
I       green. 
Nov.  6    SliKbt. 


Slight. 
Slight. 
Cons., 

green. 
Slight, 

green. 
V.  slight. 

Cons., 
green. 


.46 
.66 
.40 

.16 

.18 

.33 


.34 


RE8IDUB  OM 

EVAPGIUL- 

TION. 


I 


3.86 
6.36 
6.16 

4.80 

4.66 


1.6.'^ 
2.06 
1.96 

2.00 

1.70 


4.90  '  1.80 


4.78  ,1.86 


AmioinA. 


Albamlnotd. 

• 

• 

• 

1 

t 

1 

3 

a 

b 

H 

Q 

00 

.0166  .0280,  .0146 
.0066  .0364  .0124 


.0062 


.0000.0824 
.0022.0804 


.0090 


.0262.0282 
.0278 
.0276 


.0270 


.0064.0201 


.0288 


.0216 


.0084 
.0230 
.0030 

.0046 

.0028 

.0032 


.0076 


.26 
.42 
.34 

.90 


.39 


NiTKOOsai 

▲8 


• 

I 


I 


.0150 
.0180 
.0150 

.0000 

.0030 

.0050 


.86  i  .0093 


o 

I 

e 


! 

I  I 

O   8 


.0002 
.00001  .5256 
.0005;  .4562 


.0000 
.0001 


.4161 
.5080 


.0004  .5895 


.0002J  .4801 

ji 


1.8 
2.3 
1.0 

2.1 

2.1 

2.2 

2.1 


Averages  of  Analyses  of  Previous  Years. 


- 

1891*  1 
1892    . 
1893 

- 

- 

.60 
.51 
.84 

6.73 
6.17 
4.78 

1 

2.09 
2.04 
1.86  ; 

1 

.0110  .0486 
.0055.0302 
.0064.0291 

1 

.0361 
.0318 
.0216 

.0125 
.0074 
.0075 

1 
.40 
.88 
.86 

.0094 
.0118 
.0093 

1 
.0006!     - 
.0002.     - 
.0002  .4891 

2.3 
2.1 
2.1 

*  August  to  December. 

NoTB  to  analyses  of  1893;  Iron,  .0317.    Odor,  vegetable,  becoming  stronger  and  frequently  an* 

pleasant  on  heating. The  samples  were  collected  from  the  reservoir  near  the  gate-house,  from  six 

Inches  to  three  feet  beneath  the  sarfaoe. 
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WIXCHESTER, 

Microscopical  ExamtncUion  of  Water  from  the  South  Reservoir  of  the  Winchester 

Water  Works. 

[Namber  of  organlsma  per  cable  centimeter.] 


189S. 


Jan. 


March. 


May. 


July. 


Sept 


Nov. 


Day  of  examination, 
Namber  of  aample, . 

PLANTS. 

DlatomaceaB, 

Aaterionella, 
Cyelotella,  . 
Meloaira,     .        .        . 
Btephanodlscaa, 
Byofdra,     . 
Tabeilaria, . 

CyanophyceeB, . 

Anabnna,  . 
Anabcoa  spores,       . 
CUthrocyatifl,     . 
Microcystis, 
OMdllarU,  . 

AlgBB,      .        .        •        . 

Chlorococcns,    . 
Clotterium, 
Protoooccus,      •        . 

ANIMALS 
Inftisorla,    . 

Dead  infnsorla, . 
Dinobryon,         .        • 
Dinobryon  caaeSt 
Soglena,     . 
Peridioiam, 
Traehelomonaa, 
Vorticella,  . 

Verxnea, 

Aonrea, 
Mooooerca, 
Rotatorlan  ova,  . 
Bacenlus,    .       •        . 

Miicfllanecutt  Zo^losa,  . 
Total, 


6 

0863 


7 
10081 


4 

10352 


11 
10623 


9 
10981 


8 
11292 


15 

1 

5M 

pr. 

2 

4 

0 

430 

0 

0 

1 

1 

0 

0 

0 

4 

0 

0 

0 

0 

5 

0 

0 

0 

0 

1 

pr. 

94 

pr 

0 

0 

0 

0 

0 

2 

0 

0 

0 

114 

14 

0 

0 

0 

88 

4 

0 

0 

0 

0 

0 

0 

0 

0 

2 

10 

0 

0 

0 

0 

0 

0 

0 

0 

24 

0 

0 

8 

0 

in 

<88 

0 

0 

0 

0 

0 

0 

8 

0 

180 

288 

0 

0 

0 

2 

0 

481 

132 
1 
0 
0 
0 

328 


88 

1 

80 
1 

4 
0 


10 

8 
2 
6 


1 

4 

181 

0 

148 

0 

0 

2 

0 

0 

0 

0 

178 

0 

0 

0 

0 

1 

0 

144 

0 

0 

0 

0 

0 

1 

0 

0 

0 

2 

0 

4 

pr. 

0 

2 

0 

0 

0 

0 

0 

0 

1 

S 

1 

0 

0 

1 

0 

1 

0 

0 

0 

0 

0 

0 

0 

pr. 

1 

0 

0 

0 

0 

a 

0 

0 

0 
0 
0 

1 

0 

4 
2 


1 
1 
0 
0 


116 


36 


16 


824 


309 


t1 


473 


116 


632 
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WOBtTBN. 

Cheftiieal  Examinnlion  of  Water  from  Horn  Pond,  Woburn. 

(P.rU  iKrlOO,«)O.J 


1 

Arr 

uauici. 

"'JffF 

A„™>. 

1 

SlIKKJtU 

1 
1 
1 

5 

1 

J 

i! 

i 

1 

1 

1 

1 

j 

|i 

1 

1  .«M.  i; 

(•MJu-W/DtaUnct. 

MTaiUr.n!!  Derided, 

1M«'m.jM  'DUtlnet. 

IWS:  Jaly  19  '  Decided. 
JOCliAagSS  .Decided, 

n«»s^..«':Dec'gd;; 
iiiwoctn  iSUgS!"' 
ims'soT.ei'  diiUdci. 

IIMI  Det.SB    Slight. 

eughi. 

green, 
Cddi. 

Cob... 
green. 

Cona.. 

BII(Iil. 
Blight. 

.« 
.H 

.18 
-S3 

s.so 

».« 

10. li 

10.S6 

10. :» 

:: 

3.0S 
l.Ti 

.OOM 

.omi 

.084! 

.MM 
.0538 

.0230 

:I 

,0188 
01(H 

.0(83 

""" 
'.114 

3. OB 
5.  ST 
0.80 

.OOM 
.0090 

.0001 
.0031 

.0008 

.oooa 

.MOO 
.«03 

.«24 

A.. 

i| 

in 

B.B3 

»1       OMll  <".« 

.OMT 

»,i,,.u,.i™. 

J 

Avtrages  of  Anaiyats 

of  Previoui 

Years. 

-  1    1»»7-  , 

'     \na 

-  u»  . 

'.\Z 

<    !    IM 

- 

- 

.80 

IS.TB'a-l* 
B.8J    1.03 

lO.H  1  !.1S 

5e 

.0110. 0JB8 
.00611. 04U 

.0237 

.0308 

's.-i^'.oaw'.oou 

l.BS,  .OJBg.0015 

- 

■ 

.4U0 

S.S 

■Sir*  10  u«1rw  or  1803;  Iran,  JMT8.    Odor.  dliUi 

otlr  vegetable  . 

l>tulDg,  tha  odor  la  geDcnllr  ilrotigar  ud  treqneDll^  iSi 

»iJKted  from  Ih*  pond  ■boat  one  hnodred  leel  from  Ibe 

horeoenrtbep 

Wuer  Torki;  Ibe  rennlnlog  Hmplei  from  the  pond  neo 

111  ODIIel.    Tb 

ind  f reqoeDtljr  unpleni 
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WOBCl 

Water  Supply  op  Wobcestbr. 

During  the  past  year  the  raising  of  the  dam  of  the  I: 
storage  reservoir  has  been  completed  and  the  capacity  of  the 
voir  increased  by  nearly  SOO^OOOyOOO  gallons.     The  work  con 
of  strengthening  the  dam  on  the  lower  side  by  widening  its  bas 
increasing  its  height  to  a  level  of  ten  feet  above  the  old  dam,  i 
ing  the  latter  to  form  a  berme  in  the  completed  structure.     Tht 
of  the  reservoir  is  now  149.5  acres,  and  its  capacity  742,00t 
gallons.     Its  greatest  depth  is  30.1  feet  and  its  average  depth  i 
15.2  feet.     The  area  newly  flowed  has  been  prepared  by  reun 
the  trees  and  bushes  and  much  other  objectionable  material,  an 
covering  the  swampy  places  with  gravel. 

Leicester  Supply — Chemicai  ExamituUion  ofWaJLerfnmx  the  Lynde  B 

Storage  Reservoir, 

[Parte  per  100,000.] 


■ 

i 

1 

Appbabavcb.           , 

RUIDOB  OH  ! 

KVAPOKA- 

TION. 

1 

Ammovia. 

1 

e 

.18 

.16  1 
.15  1 
1 
.11 
.16 

.15 
.15 

.18 

.14 
.15 
.14 

.15 

NmOOBH 

Ae 

1 

E 

1 

l' 

• 

1 

•  t 

1^ 

i 

Albuminoid. 

1    ^ 

1 

« 

1 

§ 

H 

■ 

• 

00 

1 

0 

9908 
10000 
10130 

10888 
10531 

10M9 
10872 

11042 

11200 
113^2 
11512 

IMS. 

Jan.  20 
Feb.  14 
Mar.  16 

If  ay  15 
June  10 

July  17 
Aug.22 

Sept.  18 

Oct.  16 
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Kon  to  analyeee  of  1808;  Iron,  .0210.    Odor,  vegetable,  rarely  tinpleaeant,  sometimee  none; 
heating,  the  odor  ia  eomewhat  stronger  and  frequently  anpleaaant.— —  The  sainplee  were  collect 
from  the  reservoir  near  the  gate*hoase  about  one  foot  beneath  the  eurfaee. 
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WORCESTER. 


HoLDBN  SuFPLT — Chemical  Examination  of  Water  from  the  Tat?mck  Brook 

Storage  Reservoir. 

[ParU  per  100,000.] 
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KoTB  to  iaelyeee  of  1893;  Iron,  .0196.    Odor,  generally  faintly  Tegetable,  occasionally  nnpleasant, 

fnqvcotly  none ;  on  heating,  the  odor  Is  mneh  stronger  and  very  frequently  unpleasant. The  samples 

»tie  coUeeCed  from  the  reservoir  near  the  gate-house,  one  foot  beneath  the  surface. 
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WORCESTER. 

Microscopical  Examination  of  Water  Jrom  the  Tainuek  Brook  Storage  Reservoir. 

[Number  of  organlama  per  cable  oentlmeier.l 
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WORCESTER. 

Chemical  ExamimUion  of  Water  from  Hermitage  Pond^  Worcester. 

[ParU  per  100,000.] 
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Iron,  .0125.     Odor,  faintly  vegetable  and  nnpleaaant. The  sample  was  oolleoted  from  the  pood 

near  the  gate-hoaae,  one  foot  beneath  the  surface. 


Microscopical  Examination, 

Dlatomaoeae,  AMterionella,  54;  Oyclotellat  1;  Epithemia^  1;  Fragilarta,  6;  Melotirat  216;  3i/n^dra, 
IM.  Cyanophyceae,  C/aMro<:y«/i«,  14.  A\g»,  ClotUrium^Z;  Cb«maHum,  1 ;  Pe(f/(M(rum,  24;  Sctnedei- 
mu9,  8;  Staurastrumt  144;  Zo5tport%,  1  Infusoria,  Dinohryont  35;  Peridiniumt  3;  Vorticelia,  6. 
Vermes,  ^iturMi.  1;  Jh}lyarthra^  1;  Rotatorian  ova,  2;  BoUfer,  2.  Crustacea,  Cyclops,  .01.  liisoel- 
Uneooa,  Zooglaa,  80.    Total,  707. 
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EXAMINATION  OF  RIVERS. 


During  the  year  1893  regular  monthly  examinations  were  made 
of  the  waters  of  the  Blackstone,  Merrimack,  Nashua  (below  Fitch- 
barg),  Neponset,  Housatonic  and  Taunton  rivers,  and  during  the 
latter  portion  of  the  year,  in  connection  with  the  investigations 
for  a  metropolitan  water  supply,  of  the  Charles  at  South  Natick, 
Deerfield,  Nashua  (above  Clinton),  and  its  tributaries,  the  Quine- 
poxet  and  Stillwater,  Shawsheen  and  Ware  rivers.  A  special 
examination  has  also  been  made  of  the  tidal  portion  of  the  Charles 
River,  which  is  a  repetition  of  the  examination  of  this  stream  made 
in  189*^,  and  occasional  examinations  of  other  rivers  in  the  State. 
Most  of  the  results  of  these  examinations  will  be  found  arranged 
alphabetically  by  rivers  in  the  pages  which  follow;  but  some  of 
them  are  given  on  preceding  pages  in  connection  with  the  examina* 
lions  of  water  supplies,  under  the  names  of  the  towns  where  the 
samples  were  collected,  as  follows:  — 

Pagb 

Town  River  (a  tributary  of  the  Taunton)  at  Bridgewater,         .        .125 

NepoDset  River  at  Hyde  Park, 177 

Merrimack  River  at  Lawrence, 181 

Merrimack  River  at  Lowell, 193 

Taunton  River  at  Taunton, 296 

Blackstone  Riyer. 

The  character  of  the  water  of  the  Blackstone  River  is  closely 
related  to  the  disposal  of  the  sewage  of  the  city  of  Worcester,  and 
it  is  therefore  of  interest  to  note  that  during  1893  the  capacity  of 
the  precipitation  works  for  treating  the  sewage  of  this  city  has  been 
greatly  increased  by  the  construction  of  new  precipitation  tanks  and 
other  additions  to  the  works,  which  were  used  for  the  first  time  on 
July  15.  A  full  description  of  the  works  as  originally  constructed, 
and  the  results  of  a  special  examination  of  the  works  and  the  river 
during  one  week  in  1891,  can  be  found  in  the  annual  report  of  the 
State  Board  of  Health  for  that  year  (pages  267-295). 
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BLACKSTOXE  RIVER. 

through  six-inch  iron  pipes  to  the  sewer  at  a  point  ninety,  feet  above 
the  screens,  instead  of  being  discharged  as  formerly  below  the 
screens.  This  change  was  made  in  order  to  insure  a  more  thorough 
mixing  of  the  lime  with  the  sewage  previous  to  subsidence.  The 
amount  of  lime  necessary  to  make  the  sewage  alkaline  is  determined 
by  frequent  tests  with  phenolphthalein. 

The  continuous  process  of  precipitation  is  used,  the  sewage  flow- 
ing through  the  different  tanks  in  order,  and  the  effluent  being 
discharged  continuously  from  the  last  one.  The  fall  of  the  eflluent  is 
utilized,  by  means  of  a  turbine  wheel,  to  furnish  power  at  night  for 
lighting  the  works  by  electricity,  and  in  the  day  time  for  pumping 
the  sludge  by  means  of  a  Shone  ejector  to  sludge  beds  located  near 
the  Blackstone  River.  These  beds  at  the  present  time  cover  an  area 
of  about  fourteen  acres.  During  1893  nearly  all  of  the  sludge  was 
disposed  of  to  farmers  for  use  as  a  fertilizer. 

During  the  year  ending  Nov.  30,  1893,  1,795,000,000  gallons  of 
sewage  were  treated  and  1,105  tons  of  lime  were  used,  making  the 
amount  of  lime  1,232  pounds  per  million  gallons  of  sewage.  The 
amount  of  solid  matter  removed  from  the  water  during  the  year 
amounted  to  2,360  tons. 

The  Worcester  precipitation  works  have  always  been  very  intelli- 
gently operated  under  the  direction  of  skilled  chemists  and  engineers, 
and  the  following  quotations  from  the  annual  report  of  the  superin- 
tendent of  sewers  for  the  year  ending  Nov.  30,  1893,  will  be  of 
interest  as  indicating  the  manner  in  which  the  work  is  carried  on 
and  the  results  obtained  in  the  treatment  of  sewage  since  the  works 
have  been  enlarged. 

"From  the  first  day  the  plant  was  operated,  June  25,  1890,  continued 
experiments  have  been  made ;  at  first,  these  were  wholly  mechanical  and 
at  random,  but  it  was -soon  found  that  a  systematic  study  of  the  whole 
problem  must  be  made  if  the  work  was  to  be  successful.  Accordingly  a 
well-equipped  chemical  laboratory  has  been  provided  and  the  problems  met 
in  actual  manipulation  are  made  subjects  for  special  investigation.  That 
this  move  has  been  productive  of  good  is  shown  by  the  redaction  of  from 
thirty  to  fifty  per  cent,  in  the  cost  of  chemicals  used  per  million  gallons  of 
sewage  treated. 

Analyses  of  sewage  and  effluent  are  made  daily.  The  samples  for  analy- 
sis are  each  composed  of  twenty-four  portions  taken  hourly.  Thus,  by 
averaging  results  for  several  days,  an  effluent  is  obtained  corresponding  to 
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BLACK8TONE  RIVER. 

Aykraoes  of  Chbhical  Analyses  op  Water  from  the  Blackstone  River 
FOR  Six  Months  from  June  to  November,  inclusive,  of  Each  Year 
FROM  1887  TO  1893. 

Blackstone  River  between  Mill  Brook  Channel  and  the  Sewage  PrecipUalion  Works, 

[Parts  per  lOO.OOO.j 


1 

RsaiDCB  ON 

EVAPORA- 
TIOS. 

AxxomA. 

i 

KiTROOBH 
AS 

• 

1 

Loss  on 
Igultlon. 

i 

fa 

Albuminoid. 

1 

i 

s 

MONTHS. 

« 

* 

1 

Q 

SttB- 

pended. 

■ 

Jnw-Ko?.,  1887,    . 

0.91 

_ 

. 

.2686 

.1741 

. 

_ 

1.36 

.0160 

_ 

„ 

-       '«     1888,    . 

0.76 

- 

- 

|.2e&8 

.1112 

.0657 

.0665 

1.50 

.0882 

.0041 

- 

"       •?     1889,    . 

0.86 

- 

- 

'.3980 

.1480 

.0772 

.0658 

1.32 

.0177 

.0026 

* 

••       ♦•     1890,    .        .        . 

1.14 

9.92 

3.08 

.2107 

.1246 

.0673 

.0573 

1.07 

.0260 

.0015 

2.9 

-       "     1891,    . 

1.10 

17.42 

S.fiO 

.4913 

.1950 

.1127 

.0823 

2.29 

.0192 

.0087 

5.0 

"       "     1892,    .        .        . 

0.52 

20.76 

6.ao 

.8547 

.1433 

.0708 

.0725 

2.48 

.0227 

.0108 

6.1 

'*       "     1893,     . 

0.40 

16.98 

4.65 

.1480 

.0588 

.0240 

.0348 

1.01 

.0116 

.0016 

6.3 

Blackstone  River  below  Sewage  Precipitation  Works. 


iDe-NoT , 

,  1887,    .        . 

0.91 

^ 

v 

.2686 

.1741 

^ 

„ 

1.35 

.0160 

. 

_ 

M             M 

1888,    . 

0.76 

- 

- 

.2658 

.1112 

.0557 

.0556 

1.50 

.0382 

.0041 

- 

««             U 

1889,    . 

0.86 

- 

- 

.3980 

.1430 

.0772 

.0658 

1.32 

.0177 

.0026 

- 

•1             U 

1890.    . 

0.97 

11.86 

3.10 

.2907 

.1492 

.0722 

.0770 

1.46 

.0270 

.0018 

3.9 

«             M 

1891.    . 

1.06 

22.25 

6.60 

.6367 

.1508 

.0883 

.0625 

2.61 

.0233 

.0040 

6.2 

«*             II 

1892,    . 

0.63 

26.80 

7.75 

.5240 

.1810 

.0958 

.0852 

3.13 

.0137 

.0050 

10.3 

•«             l« 

1803,    . 

0.51 

30.00 

7.13 

.5680 

.1463 

.0900 

.0558 

2.76 

.0285 

.0126 

10.9 

BUickstone  River  at  Uxbridge, 


Jan«>NoT., 

1887,    . 

0.89 

. 

_ 

.1129    .0271 

_ 

„ 

0.79 

.0360 

^ 

^ 

••       <i 

1888.    . 

0.38 

6.42 

1.52 

.1155 

.0288 

.0222 

.0066 

0.66 

.0310 

.0007 

- 

«       •« 

1889,    . 

0.32 

- 

- 

.1183 

.0296 

.0192 

.0104 

0.66 

.0383 

.0009 

- 

••       11 

1890,    . 

0.26 

8.86 

2.12 

.1629 

.0231 

.0174 

.0057 

0.79 

.0250 

.0005 

2.9 

M              •• 

18)11,    . 

0.20 

10.16 

2.61 

.2280 

.0175 

.0117 

.0058 

1.04 

.0426 

.0007 

3.6 

M              M 

189i.     . 

0.13 

9.36 

1.88 

.2840 

.0227 

.0162 

.0065 

0.99 

.0313 

.0007 

3.1 

•<              M 

1893,    . 

0.24 

11.74 

2.87 

;.1985 

1 

.0207 

.0140 

.0067 

1.20 

.0623 

.0050 

4.2 

Blackstone  River  at  Millville. 


Jao»-NoT.,  1887.    . 

0.81 

. 

. 

.0468 

.0220 

. 

_ 

0.61 

.0210 

„ 

„ 

••        •«     1889,    . 

0.41 

6.22 

1.40 

.0467 

.0296 

.0283 

.0063 

0.50 

.0278 

.0004 

- 

'*        "      1889.     . 

0.38 

- 

- 

.0499 

.0273 

.0213 

.0060 

0.45 

.0167 

.0003 

- 

-        "     !».),     . 

0.26 

6.71 

2.24 

.0736 

.0196 

.0152 

.0044 

0.53 

.0229 

.0003 

2.3 

"        ••     1801.    .         .        . 

0.24 

7.48 

2.35 

.1106 

.0384 

.0234 

.0150 

0.72 

.0308 

.0006 

2.2 

••        ••     1892,     .        .        . 

0.37 

6.70 

1.62 

.1143 

.0294 

.0210 

.0084 

0.63 

.0217 

.0002 

2.0 

X(W«S.      .           •           • 

0.23 

7.48 

1.73 

.0677 

.0119 

.0087 

.0031 

0.77 

.0385 

.0011 

2.6 
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BLACKSTONE  BIVEB. 

Chemical  Examination  of  Water  Jrom  Blacksione  Biver  between 

[Parts  per  100,000.] 


B 

a 

7^ 

Date  of 

Collection. 

APFBABANCB.                                      j 

Kbsidck  on  Evaporatiox. 

Turbidity. 

Sediment 

1 

TOTAI.  BE8IDUB.        ''  LOSS  09  IGXmOV. 

\ 

■ 

-1 

• 

1 

•3 
>- 

AS 

S  Ch 

as 

1 

2 

8 

4 

6 

6 

7 

8 

9 

10 

11 

12 

9926 
10013 
10123 
10263 
10413 
10538 
10676 
10870 
11052 
11212 
11360 
11624 

1808. 

Jan.   24 

Feb.   14 

Mar.  14 

April  18 

May  17 

' June  20 

iJuIy  18 

!  Aug.  22 

Bept.  19 

Oct.    17 

'  Nov.  21 

Dec.  19 

Decided. 

Decided. 

Thick. 

Decided,  milky. 

Decided,  milky. 

Decided. 

Decided. 

Dlatinct,  milky. 

Decided,  milky. 

Decided. 

Decided. 
,  Distinct. 
1 

Heavy,  brown. 
Heavy,  gray. 
Cona.,  gray. 
Heavy,  yellow. 
Heavy,  gray. 
Heavy,  brown. 
Heavy,  brown. 
Heavy,  iron. 
Cons.,  maty. 
(;ons.,  ruaty. 
Cona. 
Slight,  dark. 

0.90 
0.50 
0.40 
1.40 
1.30 
0.30 
1.80 
0.10 
0.15 
0.08 
0.04 
1.20 

28.00 
16.20 
37.80 
12.60 

9.80 
22.70 
18.50 
10.60 
15.80 
16.10 
18.20 

8.60 

22.50 

ii.ao 

6.00 

9.00 

6.20 

15.10 

10.80 

16.10 

17.20 

7.90 

6.10 
6.00  ' 
31.20  1 
3.50  , 
3.60  ! 
7.00  1 

I    1 
6.00  1 
1.00 
1.00 
0.70 
1 

9.90 
5.80 
5.50 
5.30 
2.50 
8.50 
.  5.00 
'  1.00 
4.40 
3.00 
4.20 
2.30 

6.10 
4.00 
1.00 
3.30 
1.40 
3.70 

2.80 
3.30 
4.00 
2.30 

3.80 
l.SO 
3.90 
2.00 
1.10 
4.90 

1.00 
0.30 
0.20 
0.00 

US 

1 

0.08 

17.96 

- 

1 

4.88 

- 

1 

Odor,  offensive. The  anmplea  were  collected  from  the  river  about  200  feet  below  the  iron  bridge. 

ISo.  10413  WAS  collected  on  Wednesday  and  the  remaining  samplea  on  Thursday.    The  first  sample  was 
•collected  at  12.45  p.ic.,  and  the  remaining  samples  between  2.00  and  3.65  p.ic. 


Chemical  Examinaiion  of  Water  from  Blacksione 

[Paru  per  100,000.] 


• 

a 

Date  of 

Collection. 

Appkarakcb. 

Rbsiddb  OS  Evaporation. 

Turbidity. 

Sediment. 

1 

TOTAL  BBSIDUB. 

1  LOSS  OH  lOKITIOH. 

• 

1 

J 

Q 

• 

1 
il 

1 

1   3 
5 

■ 

>- 

if 

Q 

• 

'a 

si 

30 

1 

2 

3 

4 

6 

6 

7 

8 

9 

10 

11 

12 

9927 
10014 
10124 
10264 
10414 
1053V> 
10677 
10871 
11053 
11213 
11370 
11525 

Av. . 

IMS.    I 

Jnn.  24 
Feb.   14 
Mar.  14 
April  18 
May   17 
June  20 
.July   18 
'  Aug.  22  ' 
Sept.  19 
Oct.    17 
Nov.  21 
Dec.   10 

Decided. 
Decided. 
Thick. 

Decided,  milky. 
Decided,  milky. 
Decided. 
Decided. 
Decided,  milky. 
Thick,  milky. 
Distinct. 
Decided. 
Distinct. 

Heavy,  brown. 
Heavy,  gray. 
Cons ,  grav. 
Heavy,  yellow. 
Heavy,  gray. 
Heavy. 

Heavy,  brown. 
Cons  ,  dark. 
Heavy,  ruaty. 
Cons.,  rusty. 
Heavy,  rusty. 
Slight,  rusty. 

0.65 

0.70  1 

0.50  ! 

1.40 

1.40 

1.00 

1.00 

0.40 

0.40 

0.18 

0.10 

1.10 

33.80 
16.40 
38.30 
13.70 
10.00 
24.00 
30.90 
10.00 
34.80 
1  44.60 
29.20 
16.60 

26.60 

13.80 

6.80 

9.20 

6.00 

14.60 

20.00 
48.50 
24.80 
12.80 

7.80 
2.00 
31.60 
4.60 
4.00 
0.40 

6.80 
1.00 
4.40 
2.80 

1 

11.40 
'  0.00 

7.20 
,  5.50 
'  2.10 
,  9.40 

5.70 

'  3.80 

>    8.00 

.'  8.90 

6.40 
Ij  3.70 

7.10 
4.00 
1.80 
3.00 
1.50 
3.70 

6.80 
8.30 
5.00 
3.50 

4.10 

2.00 
5.40 
2.50 
0.»l 
6.70 

l.SO 
0.60 
1.40 
0.20 

13 

0.74 

26.65 

- 

6.54 

- 

1 

Odor,  offensive. The  samples  were  collected  from  the  river  above  Millbary  and  below  the  point 

where  the  effluent  from  the  Worcester  Precipitation  Works  enters  the  river.  No.  10414  was  collected 
on  Wednesday  and  the  remaining  samples  on  Thursday.  The  samples  were  collected  between  1.00  and 
3.10  P.IC. 
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BI.ACK8TONE  BIVBB. 

Mm  Brook  Channel  and  the  Woreesler  Sewage  PrecipUalion  Works. 

[Part*  p«r  100,000.] 


AX1I09IA. 

KiTBOOBN  AS 

1                iROX 

ALBCXINOXD 

• 

1 

• 

•8 

> 

• 

1 

t 

i 

s 

• 

1 

I 

a 

i 

1 

4l 

^1 

£ 

1 

1 

IB 

h. 

t- 

Q 

m 

% 

» 

D 

b 

mt 

.8840 

.2820 

.1960 

.0860 

2.28 

.0070 

.0007 

4.4000 

3.4000 

7.0 

1 

.aoso 

.1260 

.0820 

.0440 

1.34 

.0300 

.0011 

.8440 

.2200 

1.4 

2 

.OfttO 

.0820 

.0540 

.0280 

1.00 

.0200 

.0012 

.5400 

.1300 

1.9 

8 

.0510 

.0580 

.0330 

.0250 

.74 

.0260 

.0020 

.8000 

.2400 

1      2.2 

4 

.0520 

.0400 

.0280 

.0120 

.83 

.0400 

.0007 

.0340 

.0200 

1.5 

5 

.2400 

.2010 

.0600 

.1440 

2.16 

.0300 

.0050 

1.7000 

.7400 

5.1 

6 

.0600 

.0450 

.0240 

.0210 

.76 

.0000 

.0000 

4.6000 

- 

9.7 

7 

.0660 

.0*240 

.0180 

.0110 

.79 

.0300 

.0012 

.6000 

~ 

8.0 

8 

.2M0 

.0540 

.0820 

.0220 

.00 

.0090 

.0014 

.8000 

.1000 

3.7 

9 

.1680 

.0110 

.0090 

.0020 

.85 

.0000 

.0009 

8.1000 

1.0400 

6.0 

10 

.0480 

.0150 

.0060 

.0090 

.60 

.0000 

.0005 

1.8200 

.9400 

9.6 

11 

.QUO 

.0800 

.0300 

.0060 

.70 

.0250 

.0008 

.3500 

.1800 

1.9 

12 

.1429 

.0814 

1 

.0472 

.0342 

1.04 

.0180 

.0012 

1.5073 

.5842 

4.5 

13 

Microscopical  Examination, 

Km.  10123  and  10268  were  not  examined.    The  remaining  samplee  coniained  Zooglcea,  generally  in 
ytrj  large  nnmbera,  and  only  a  ftvr  of  other  organisms. 


Biver  below  the  Worcester  Sewage  Precipitation  Works. 

[Parts  per  100,000.] 


Ammoxia. 

1 

i 

NiTBOGKN  AS         j 

Iron. 

i 

c 

1 

1 

ALBUMIKOin 

• 

• 

8 

• 

i 

1 

1 

t 

Si 

1 

t 

■ 

> 
a1 

a 

Sm 

H 

a 

CO 

S 

S 

b 

bt 

S 

1 

.4960 

.4600 

.2420 

.2180 

2.40 

.0070 

.0009 

4.9000 

3.6000 

10.1 

1 

.2160 

.1400 

.0820 

.0580 

1.60 

.0400 

.0015 

.4700 

.3000  ' 

3.5 

2 

.0i<%O 

.1020 

.0560 

.0460 

0.96 

.0220 

.0010 

.5200 

.1240  1 

2.5 

8 

.0450 

.0480 

.0300 

.0180 

0.77 

.1000 

.0020 

.7000 

.2000 

1.8 

4 

.0'.A0 

.0480 

.0280 

.0200 

0.34 

.0400 

.0007 

.0390 

.0200 

1.5 

5 

.2S>60 

.2640 

.0940 

.1700 

2.52 

.0070 

.0001 

1.3500 

.4400 

3.6 

6 

.2»J0 

.0620 

.0290 

.0830 

2.17 

.0000 

.0000 

8.9000 

« 

16.6 

7 

.23iO 

.0780 

.0390 

.0890 

1.54 

.0150 

.0100 

.0500 

• 

5.7 

8 

.9090 

.2200 

.1600 

.0600 

8.84 

.0050 

.0512 

.7600 

.1500 

11.9 

9 

.9400 

.1«70 

.1590 

.0080 

4.44 

.0750 

.0085 

.2950 

.0100 

16.1 

10 

.7u00 

,      .0810 

.0590 

.0220 

2.02 

.0690 

.0060 

.6000 

.0080 

11.2 

11 

.2000 

'      .0670 

0590 

.0080 

1.15 

1     .0630 

.0018 

.8800 

.2800 

4.6 

12 

.3757 

,      .1447 

.0664 

.0588 

1.98 

.0369 

.0070 

1.1637 

.5132  , 

7.4 

13 

Microscopical  Examination. 

Koa.  10124  and  10264  were  not  examined.    The  remaining  samples  contained  Zoogloea  often  in  very 
larg*  numbers,  and  only  a  few  of  other  organisms. 
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BLACSSTONB  BITBB. 

Chemical  Examination  of  Water  from  Blackslone  River  ai  Uxbridgt. 

[ParU  per  ll»,0OO.] 


Icon,  .D4T4.    Odor,  aensrally  mnil/,  ooesilnniill;  dEiiagrwibla  or  affaiulT* Tlia  uiDpIo  <rrn 

collesled  from  lbs  canal  ImmUdk  (Fom  tbe  upper  dam  of  Iba  CalucMt  Woulen  Company  id  ifac  mill  luU 
belora  tha  walur  puMd  iba  icmiia. 

Microscopical  Examinalion. 
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BliACKSTONi:  RIVER. 

Chemicdl  Examination  of  Water  from  Blackstone  River  at  Millville,  Blackstone. 

[Parte  per  100,000.] 


u 

J§ 

H 

9 

as 


o 


1898. 
9906  Jan.  19 

lOQSl  Feb.  16 

10134*  Mar.  16 

lOSSsI  Apr.  20 


APPBABAirCB. 


a 


6 


10419 
10»8 

10S89 


May  18 
June23 
Joly20 


10887  Aag.24 
11074  8ept.21 
11230  Oct.  10 
113811  NOT.23 
1I53S  De«.31 


At. 


alight, 

milky. 
DiBdDct, 

clayey. 
Dletlnet, 

milky. 
Distinct, 

milky. 
Distinct, 

milky. 
Distinct, 

milky. 
Distinct, 

milky. 
Slight. 

SUght. 

Distinct, 

milky. 

Distinct. 

Distinct, 
milky. 


SUght. 

Slight, 

earthy. 
Coos., 

gray. 
Slight. 

Cons., 

msty. 
Slight. 

Cons. 

Slight, 

rusty. 
Cons., 

brown. 
Slight. 

Blight. 

Slight. 


O.&O 
0.60 
0.60 
0.65 
0.05 
0.35 
0.05 
0.28 
0.18 
0.20 
0.80 
0.50 

0.40 


Rbsidcb  om 

£VAPO  RA- 
TION. 


a 
o 


6.05 
4.20 
3.35 
4.S0 
4.60 
5.10 
7.55 
8.70 
8.75 
8.36 
6.10 
7.70 


6.28 


1.40 
1.40 
1.05 
1.15 
1.70 
1.45 
1.50 
2.70 
1.05 
1.66 
1.15 
1.30 


Ammokia. 


Albamlnold. 

J 

t 

9 

1 

1 

1 

1   B 

b, 

H 

Q 

OD 

1.53 


.0594 
.0400 
.02o0 
.2200 
.1020 
.0760 
.1930 
.0174 
.0160 
.0280 
.0760 
.1360 


.0899 


.0230 
.OlSO 
.0130 
.0920 
.0930 
.0100 
.0170 
.0044 
.0228| 
.0100 
.0070 
.0300 


.0246 
.0150 
.0060 
.0720 
.0760 
.0050 
.0140 
.0032 
.0192 


.0034 
.0080 
.0080 
.0200 
.0170 
.0050 
.0030 
.0012 
.0036 


o 

o 


.oOTit  ,0030 


.0288 


.0040 
.0250 


.0225 


.0030 
.0050 


.0063 


KlTSOOBK 
AS 


S 


-c 


.4" 
.33 
1.04 
.86 
.80 
.46 
.88 
.97 
.  tfo 
.82 
.60 
.83 


0.66 


.0280 
.0180 


.0003 
.0001 


.0100. 0004 


.0200 
.0150 
.0050 
.0200 
.0500 
.0700 
.0580 
.0280 
.0250 


.0289 


.0005 
.0005 
.0003 
.0002 
.0010 
.0028 
.0017 
.0006 
.0007 


I 

I 

B 
& 
M 

o 


8 

«> 

a 
5 


.3869 
.4710 
.3996 
.3869 


1.9 
1.1 
0.9 
1.1 


.0008 


.4124 

1.1 

.2765 

1.5 

.1924 

2.5 

.3531 

2.6 

.»2i« 

3.1 

.3280 

3.0 

.1512 

2.6 

.5265 

2.3 

.3503 

2.0 

Iron,  .0452.    Odor,  generally  musty,  frequently  disagreeable  or  oflenslTe. The  samples  were 

eoUected  from  the  river  Jost  above  the  dam  in  the  village  of  iiillville. 

Microscopical  Examination, 

The  number  of  organisms  found  in  these  samples  varied  from  107  to  946  per  cubic  centimeter  and 
averaged  294,  ZoSgloea  being  in  most  caaes  by  far  the  most  abundant  and  averaging  224. 

Charles  River. 

Regular  monthly  examinatioDs  of  the  water  of  Charles  River 
above  South  Natick  have  been  made  during  the  last  five  months  of 
1893,  and  weekly  examinations  of  the  water  at  JEtna  Mills  and  at  a 
point  about  2,000  feet  below  Galen  Street  bridge  in  Watertown 
were  made  from  August  17  to  October  26.  An  examination  of  the 
whole  length  of  the  tidal  portion  of  the  river  by  means  of  a  series 
of  chemical  analyses  of  its  water  at  high  and  low  tide  was  made  on 
August  17,  1893,  during  a  course  of  neap  tides  occurring  at  a  time 
when  the  flow  of  upland  water  was  small.  This  examination  of  the 
tidal  portion  of  the  river  is  a  repetition  of  a  similar  examination  made 
in  1892,  and  fully  described  in  the  annual  report  of  the  State  Board 
of  Health  for  that  year  (pp.  282-289).  Results  of  all  of  the  analyses 
made  during  1893  are  given  in  the  following  tables :  — 
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CHABLES  BITER. 

Microscopical  ExaminaCion  of  Water  from  the  Charles  River  ai  Mtna  Mills, 

WcUertown,  * 

[Namber  of  organlams  per  cable  centimeter.] 


1808. 

Aof. 

Ang. 

Aug. 

Sept. 

Sept 

Sept. 

Sept 

Oct. 

Oct. 

Oct 

Oct 

Oct 

Diy  of  examination, 
Namber  of  sample, . 

10820 

10M9 

20 
10892 

2 

10940 

0 
10092 

10 
11028 

23 
11078 

2 
11110 

7 
11151 

16 
11197 

21 
11231 

27 
11264 

PLANTS. 
Diatomacead,    . 

Atteriooella, 
Cyclotella, 
Navlcula,   . 
Bvnedra,     . 
TaUiUarU, 

Alg»,  Protoeoccns, 

Fun^,   .... 

Crenothriz, 
Mulde, 

- 

- 

1 

0 
0 

1 

0 
0 

20 

200 

200 
0 

7 

0 

0 
2 
6 
0 

4 

200 

200 
0 

6 

0 
6 
0 
1 
0 

0 

86 

36 
0 

1 

0 
0 
0 

1 

0 
0 

1,400 

1.400 
0 

3 

0 
0 
0 
8 
0 

0 

108 

108 
0 

0 

0 
0 
0 
0 
0 

0 

240 

249 
0 

10 

0 
0 
0 
2 

8 

0 

92 

92 
0 

6 

6 
0 
0 
1 
0 

0 

120 

120 
0 

4 

0 

1 
1 

1 
1 

0 

86 

so 

6 

9 

2 
2 

4 
1 
0 

0 

It 
11 

0 

ANIMALS. 

InftiBoria,   . 

Monat, 

Perldlniam, 

Truhelomonaa, 

- 

8 

0 
0 

a 

1 

1 
0 
0 

0 

0 
0 
0 

1 
0 

1 

0 

0 

0 
0 
0 

0 

0 
0 
0 

0 

0 
0 
0 

8 

2 

1 
0 

0 

0 
0 
0 

1 
1 

0 
0 

Xite*ilantau$,  ZoSglcea, 

- 

- 

204 

76 

86 

40 

24 

48 

140 

48 

10 

46 

TOTAT 

- 

- 

428 

288 

78 

1,442 

135 

297 

242 

177 

50 

69 
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CHART.B3  itivaa. 

Chemical  Examination  of  Waler  from  Charles  River  about  Two  Tftottjand  Feel 
ftetoto  Gakn  Street  Bridge,  WaUrUmn. 

[Parte  par  100,000.] 


ArruuxcB. 

"^"iiF" 

!          A«o,n., 

^ 

SlIBMBKJ'      -i 

f 

1 

1 

1 

ll 

1 

AIDumln 

i 

llifi 

1 

1 

i 

1012 1 

10»3 
IHN 

iios* 
mas 

AuKlT 

A<ig.n 

An((.M 
Al.1.81 
8.pt.  7 

a«pt.» 

Sepl.tl 
8ept.» 

Oct.  13 

Dlillnet. 

Sliglil. 

ejiBbt. 

DllllDM. 

V..Ughl, 
Duldsd 
DHldod. 
DtaUnol. 
Sllgbt. 

Con... 
floc-nt. 

CoJ"  ' 
Sllgbt. 

CoD... 

B  fa  rout. 
Ha.ty. 

OonS™^' 
Cool"''' 
Coai., 

0.T& 
O.TO 
O.TO 

D.go 
o.»o 

0.8S 

o.so 

I.M 
8. BO 

13.00 
1270 

a.  IS 

1« 

.00!4 
.0OS2 

.OOM 
.00«S 

.0281 

.oat 

.0111 

.0218 

.0330 

.0212 

.om 

.0OS4 
.003* 

z 

'lu2 

E 

■ 

.0100 
.0200 

.DIM 

om 
.0100 

.0008    .«Tg2.2 
.0004  :. Willi-. 

.«<«!.«•',.* 

.0009     .HM|4.1 

.000S|;  .n;o3.i 
.0003' 1  .»}ii.4 
.oooT    .ij7s  a.t 
.oooT,  .;m3i.7 

1     .     ' 

Ai 

0  m 

1  go  i|  oojii  a.iM 

0243'  00-0  1  *a  1  oiso'  000-      tJSBl  1 

— 

1 



. 





-^ 



.       ■ 

Iron,  .031J.    Odor,  d»elij«iljy  vpgelKble  »nd  muily  or  monldy. Tho  MmplM  were  col Iseted  (rooi 

Uu  river  iboul  2,000  f»l  below  Oilen  Street  brldgB  In  Witertown,  and  iboot  MO  feel  below  Birktr't 
Surcb  Work*.    The  point  it  wblcb  Ibe  umplea  ware  sollaeled  li  Id  the  tidal  portion  of  the  rinr,  bal  tl 

Microscopical  Examination  of  Waler  from  Charles  Hieer  tUiout  Two  Thousand 
Feet  below  Oalen  Slreet  Bridge,  Waterlown. 


IBM. 

A«. 

«. 

A». 

B«rt 

S.PI.  1  Sep.. 

S»pl. 

Oct. 

Oct 

Oct.  !  Oc,.     Oct 

D.yofei*dilB«tlon,.       . 

Kon>b.roI«n>ple,   .       . 

10821 

losL 

£9 

2 

e 

18 

22 

1 

I 

18 

uKa'iiJis 

PLANT3. 

SsvlcuU,     .        .       . 
eyoodra,      .       . 

- 

II 
0 

0 

7 

a 

■ 
1 

3 

: 

9 

1 

M 

1 

t 

0 

( 
0 

4 
B 

e 
0 

t 

4 

1 

2 

t 

ti 

u 

1 
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CHARLES  BIVEB. 

Microseopical  Examination  of  Water  from  Charles  River,  etc.  —  Concluded. 

[Kumber  of  organlun*  per  oabto  oanttmeter.] 


IMS. 

AQff. 

Aug. 

Aug. 

Sept. 

Sept. 

Sept 

Sept 

Oct. 

Oet. 

Oct. 

Oct. 

Oct. 

PLANTS— Con. 

Fungi,    .... 

BergUtoa,   . 
Crenothrlz, . 

- 

- 

44 

0 
44 

132 

0 
182 

180 

0 
180 

8t 

2 
80 

4 

0 
4 

116 

0 
118 

172 

0 
172 

60 

0 
50 

27 

1 
28 

128 

82 
96 

ANIMALS. 

Infusoria,    . 

MODM,.          • 

Parameciam, 
Peridinlam, 
Traeheiomonas, . 

. 

_ 

0 

0 
0 
0 
0 

4 

•0 
0 
4 

0 

8 

1 
0 
0 
2 

1 

1 
0 
0 
0 

3 

3 
0 
0 
0 

0 

0 
0 
0 
0 

8 

0 
3 
0 

0 

6 

4 
2 
0 
0 

1 

0 
0 

1 
0 

1 

1 
0 
0 
0 

MUctlUuieou»,  Zobglma,  . 

- 

- 

108 

104 

66 

64 

400 

162 

182 

808 

260 

440 

Total, 

- 

163 

255 

242 

176 

411 

274 

876 

868 

296 

603 

Chemical  Examination  of  Water  from  the  Tidal  Portion  of  Charles  River  at  Various 
Points,  during  High  Water  of  Neap  Tides,  Aug,  17, 1893. 

[Parts  per  100,000.] 


I. 
H 
E 

I   1 


10651 
10632 
108» 
1(R&4 

106S& 

I 

10856 

1 

10657 
10958 


LOCALITY. 


Beach  wood 

Avenae. 
Oppoalte 

laianda. 
No.  BeacoD 

Street. 
Western 

Avenue. 
Cambridge 

Cemetery. 
No.Qarvard 

Street. 
Cambridge 

Dtre^t. 
St,  . 


Appbakaxcb. 


^ 

5 


s 

a 


o 


Diatlnet. 

Dbtinet. 

Slight. 

Slight. 

Slight. 

Slight. 


Cons., 

fibroaa, 
Slight. 

earthy 
Cona., 

maty. 
SUght, 

ruaty. 
Slight, 

maty. 
Slight. 


Odor. 


1^ 

5 


o 
B 


V.  alight  Slight. 
V.  slight.  Slight 


1M50.  H  a  rT  a  r  d  V.  altght.'SUght. 

Bridge. 
10W>  W.    Boffton 

I     Bridge. 
10861  CraUie'a 

Bridge. 
19862  Chariea  Riv. 

Bridge. 


I 
V.aUght.V.slight. 

V.sllght.  V.slight. 

V.slight.jV.BUght. 


0.65 
0.50 
0.80 
0.18 
0.20 
0.12 
0.09 
0.10 
0.08 
0.04 
0.04 
0.01 


DiHslded, 
musty. 
Decided, 
liahy. 
DIattnrt, 
I  flshy. 
Distinct. 

Distinct. 

Faint. 

Faint. 

Faint. 

V.  faint 
or  none. 
None. 

None. 

Faint, 
1    rauaty. 


Distinct,! 

rauaty.  I 

Decided,  I 

clam  I 
Faintly 

fl«hy  1 
V.falrillyl 

fishy.' 
Faintly 

clam 
Faintly 
musty 
Faintly    . 
musty.! 
Decided,! 
dia'g'ble. 
Faint 

V.  faint 
or  none. 
None. 

Faint. 


AXMOVIA. 


Albuminoid. 

■ 

• 

CD 

V 

^ 

^ 

•o 

t 

B 

o 

is 

1  s 

h. 

H 

Q 

OQ 

.0120 
.0520 
.0784 
.0672 
.0720 
.0776 
.0760 
.0840! 
.0606 
.0320 
.0232 
.0224 


.0836 
.1104 
.0688 
.0644 


.0270 
.0392 
.0284 
.0160 


.0408  .0216 
.0270  .0196 


.0460 
.0330 
.0296 
.0164 
.0138 
.0114 


.0066137.18 

I 

.0712  412.1 
.0402  774.0 

.0884  '  1166. 5 

I 
.0192, 1050.0 

.0074  |1472.5 

.0202  1485.0 

I 

.0130  1 1476.0 

l' 
.0126.11680.0 


.7621 
1.3886 
1.5800 


.0198 

.0200 

.0170 

.0128  .0020  1725.0 

.00021.0046;  1 737.0 

I 
.0096!  .0018  1747.0 


.0008 
.0025 
.0084 

.0030  2.1804 

I 
.00282.1804 

.00382.4427 

.0027  2.4866 

.0026  2.9962 

.0027  2.8392 

.0016  2.9016 

I 
.0012  8.1674 

.0007.3.6192 


No.  34.] 


EXAMINATION  OF  RIVERS. 


357 


HOtrS ATOXIC  RIVER. 


HousATONic  River. 


Regular  monthly  examinations  of  the  water  of  this  river  were 
made  from  March  to  the  end  of  the  year  with  a  view  to  determining 
the  extent  to  which  the  river  is  polluted  by  the  sewage  of  the  city 
of  Pittsfield  and  other  places  upon  its  watershed.  The  samples 
were  collected  at  New  Lenox,  which  is  distant  about  3.9  miles 
by  the  river  below  the  place  where  the  sewage  of  Pittsfield  is  dis- 
charged into  the  stream.  The  drainage  area  of  the  river  at  New 
Lenox  is  145.6  square  miles,  and  the  population  on  this  area,  by 
the  census  of  1890,  was  23,300,  equivalent  to  a  population  of  160 
per  square  mile.  Of  the  total  population,  17,281  were  in  the  city 
of  Pittsfield. 


Chemical  Examination  of  Water  from  the  Ilousatonic  Biver  at  New  Lenox. 

[Paitap«r  100,000.] 


O 
1 


ArrSABAXCB. 


§ 

i 


S 

m 


2 

a 
H 


a 

I 


a 


Kbsiuub  oh 

EVAPOKA- 
TIOX. 


S 

o 
H 


IMS. 

10167  Mar. 27    Distinct,  Cons.,       0.25 

clayey.  earihy. 

10324  Apr.  27    Slight.  Cons. 


I4M2  Uay  31    Slight.       Coos. 

1057S  Janett    Distinct.    Slight. 

10700  Jnly  26    Distinct,    Con*., 

'       milky.  I        dark. 
10«>7  Ang.28    Slight.       Sligbt. 

IIC6S  Sept3)    Slight.       Slight. 

11221  OcU  17 1'  Slight.       Slight. 

1I3S4  XoT.23 ,  Distinct.  ,  Cons. 

11U&  Dee. 28    Decided.  'Heavy. 


5.05 


0.15,    7.80 

0.20    10.25 

II 

0.20J  10.55 
0.20'  12.40 
0.55  11.60 
0.40;'  11.10 
11.15 
10.25 
6.50 


0.55 
0.23 
0.25 


Ay. 


e 
o 

§1 


J 


1.00 
2.05 
2.25 
2.15 
2.70 
3.10 
2.70 
2.55 
1.45 
1.56 


0.80     9.73 ; 


2.21 


Amvonu. 


Albuminoid. 


*4 

o 


1 


.0044  .0190  .0142 
.Oa52  .01141.0098 


.0022 


NiTBOOBN 
AS 


5 


IB 

a 

a 

I 

c 


d 

a 


.0122' .0098  .0024    .16 


.0200.0002  ,.3504   8.5 

I       r       I 

.0180.0001    .3467    5.6 


.0080.01961.0142 
.0172 
.0172 


.0078  .0238 
.0162  .0202 
.0060  .0186 


.0056  .0206 
.0008  .0126 


.0166 
.0162 
.0092 


.0014'. 0162. 0094 


.0058  .0174 


.0054   .21 

.0066 ,  .18 

li 

.0030 '.10 

il 

.0020.1.14 


.0200.0002 
.0200.0005 


.0120 


.0020 


.3000'  7.6 


.4305 
.2960 


7.7 
8.1 


.0230  .0067'  .7189.  8.8 


.0044 
.0084 


.17 
.19 


.00681  .10 


;  .0120 
.0100 
.0200 
.0200 


.0184  .00401 


.16 


.0030 
.0004 
.0004 
.0001 


.4346   8.6 

I 
.5282   7.7 

I 
.4242,  8.1 

.8503  4.3 

I  I 


.0175  .0014'  .4180   7.0 


Iron,  .0140.    Odor,  generally  decidedly  mooldy  or  musty,  rarely  none. The  samples  were  col' 

lecied  from  the  river. 


Tha 
the  inb 
conUm 
OD  pag 
made  a 
table :  - 
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MEBBIMACK  BIVSB. 

Table  comparing  the  Analyse*  above  Lowell  with  Ihoie  atove  Lautrence,  1893. 

(ParU  par  100,000.] 


I 

Rksiduk  oh 

KVAPOBA- 
TIOS 

AjmoHiA. 

1 

1 

• 

e 

12 
.167 
.202 

NlTHOOEM 
AS 

• 

1 

• 

r 

1 

Albnmlnold. 

» 

1 

« 

1 

> 

1 

a 

• 

1 

1  ^ 

Namber  of  determioatione  com- 
pared,       

12 

1 

0.38 
0.42 
0.09 

12 

12 

12        12 

12 

12 

.0089 
.0040 

12 

12 

.    12 

1 

Hran  of  aoalyees  above  Lowell, 

liean  of  analyses  above  Law- 
rence  

8.89 
8.86 

1.18 
1.48 
0.80 

1 
1.0026 

|.0067 

.0149 
.0181 

.0120 
.0141 

.0088 

.0081 

.0001 
.0002 

1.1 

1 

1.1 

Increase,      .... 

0.47 

.0081 

.0082 

.0021 

.0011 

!  .086 

1.0002* 

1 

.0001 

,  0.0 

In  order  to  compare  these  results  with  similar  ooes  obtained  in 
previous  years,  another  table  is  presented,  which  contains  the  in- 
crease in  impurities  as  the  water  passes  from  a  point  above  Lowell 
to  Lawrence,  as  given  in  the  last  line  of  the  above  table,  and  the 
corresponding  increase  in  previous  years  :  — 

Increase  in  the  Amount  of  Impurities  in  the  Merrimack  River  Waier^from  a  Point 
above  Lowell  to  Lawrence,  as  determined  by  the  Regular  Monthly  Examinations 
of  Different  Tears, 

[Parts  per  100,000.] 


i 

6 

Rbsidub  om  j 

£VAPOBA- 
TIOK. 

Ammonia. 
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The  average  flow  of  tbe  river  at  Lawrence,  per  twenty-fonr  honrs,  dnring  the  days  on  which  sample* 
were  collected,  was  for  the  above  periods,  respectively,  at  the  rate  of  9,145,  9,048,  7,931,  5,433,  and 
8,126  cubic  feot  per  second. 


*  Decrease. 
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nashua  riteb. 

Nashua  River. 

Chemical  Examination  of  Waier  from  the  North  Branch  of  the  Xaahua  River, 
below  FUehburg, 

[Pirt*  per  100,000.] 
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Microscopical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  River, 
below  FUdiburg. 

[Nnmlxr  ot  nrimlama  per  cubic  centimeter.] 
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NASHUA  BIVER. 

Microscopical  Examination  of  Water  from  the  North  Branch  of  the  Nashua  Eiver, 

below  Fitchburg — Concluded. 

[Number  of  orgftDlsmfl  per  cable  centimeter.] 
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*  Amorphons  matter  very  abandant. 

Chemical  Examination  of  Water  from  the  South  Branch  of  the  Nashua  River 

at  Clinton. 

[Parte  per  100,000.] 
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Iroo,  .0084.    Odor,  Tegetable.  —  The  aamplea  were  collected  from  the  river  above  the  dam  of  the 
Manofaetoriog  Company. 


Microscopical  Examination, 

Average  number  of  organlami,  V7  per  cubic  centimeter. 
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NASHUA  BIYER. 

Chemical  Examination  of  Water  Jrom  the  Quinepoxet  Biver  in  Holden. 

[PnrU  per  100,000.] 
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Iron,  .0126.    Odor,  yegetable. The  samples  were  oolleeted  from  the  river  at  Smith's  Woolen  UUI 

In  Holden,  aboot  one  thoasand  feet  from  the  line  between  Holden  and  West  Boyleton. 

Microscopical  Examination, 

The  average  namber  of  organisms,  per  cubic  centimeter,  fonnd  in  these  samples  was  140;  the  greet. 
est  namber  present  in  any  sample  was  247,  and  the  smallest  namber,  78. 


Chemical  Examination  of  Water  from  the  Stillwater  River  in  Sterling, 

[ParU  per  100,000.] 
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Iron,  .0088.    Odor,  of  the  Arst  sample,  none,  bocomlng  faintly  vegetable  on  heating;  of  the  rem^> 

ing  samples,  distinctly  vegetable,  nnchanged  by  heating. The  samples  were  collected  from  the  river 

at  a  highway  bridge  about  one  mile  above  the  line  between  Sterling  and  West  Boylston. 


Microscopical  Examination, 

Average  number  of  organisms,  119  per  cubic  centimeter. 
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QUINEBAUG  BITEB. 
QumEBAUG  RiVERo 

Chemical  Examination  of  Water  from  the  Quinebaug  Biver  at  Southbridge. 

[Parts  per  100.000.] 
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Iron,  .0230.    Odor,  none. The  saoiple  was  collected  from  the  river  just  above  the  Litchfield 

Spindle  Company's  dam  at  Shnttlevllle,  at  a  time  when  the  water  in  the  river  was  very  low.  The  dam 
u  which  the  sample  was  collected  Is  loeated  about  one  and  one-half  miles  above  the  main  village  of 
Southbridge. 

Microscopical  Examination, 

DlatomacesD,  Agterionella,  2;  ITavicula,  ft;  Synedra,  4;   Tabellaria,  1.    Algas,  Protococcut,  12. 
Fungi,  OrmotArix,  112.    Miscellaneous,  Zadgtcta,  11.    Total,  147. 


Shawbheen  Riyeb. 

Chemical  Examination  oj  Water  from  the  Shawsheen  Biver  at  Bedford, 

[Parte  per  100,000.] 
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Ircm  tn  the  first  sample,  .0180;  in  the  second,  .0110.    Odor,  distinctly  vegetable  and  sweetish. 

Tlie  flnt  sample  was  collected  from  the  river  above  the  point  where  it  is  Joined  by  Vine  Brook;  the  last 
•ample  from  the  river  about  a  quarter  of  a  mile  below  the  month  of  Vine  Brook.  These  samples  were 
eoUectod  in  the  vicinity  of  the  upper  end  of  a  proposed  storage  reservoir  surveyed  by  the  city  of  Boston 
ml88«. 

Microscopical  Examination. 

The  total  number  of  organisms  per  cubic  centimeter  found  in  the  first  sample  was  155,  consisting 
ebicfly  of  Crenothriz  and  Zodgtaa  ;  in  the  last  sample  889  organisms  were  found,  nearly  all  of  which 
were  Ortmotkrix^ 
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Cltanieal  Examination  of  Water  from  BUmy  Brook  at  Inlet  to  the  New  Conduit 
at  Roxbury. 

[PBrupirlOa.OOa.] 
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Microscopical  Examination. 

<^oUUa,  It;    Dialoma,  M:   yacieula,  i; 

1;  IMIatlrum.l;  Pnlococcui.i:   ScentdtDmiui,  ^i  S 

CrmotAtix,  ti.    Uluellaneou,  ZaSalea,  40.    Total,  20«. 

AlgB,  Scnidtmut,  1;   Fangl,  CretuMrIx,  S;   JToUi,  S. 

aegiaa.lA.   Touuw- 


Taunton  River. 
Begalar  monthly  examinations  of  the  Taunton  River  above  Taun- 
ton have  been  made  as  in  previous  years,  and  the  results  are  printed 
in  connection  with  analyses  of  water  of  the  Taunton  water  supply  on 
page  296.  In  the  following  table  analyses  are  given  of  the  water  of 
Mill  Kiver,  a  tributary  of  the  Taunton,  near  its  mouth.  The  sewage 
of  a  portion  of  the  city  of  Taunton  is  discharged  into  this  river. 

.  Chemical  Examination  of  Water  from  the  Mill  River  at  Taunton. 

[PuH  par  lOO.MM.] 
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SUMMARY 


OF 


WATER  SUPPLY  STATISTICS; 


ALSO 


RECORDS  OF  MINFALL  AND  FLOW  OF  STREAMS. 
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SUMMARY  OF  WATER  SUPPLY  STATISTICS. 


At  the  end  of  1893  the  State  contaiDed  30  cities  and  322  towns. 
The  towns  of  Medford  and  Everett  became  cities  on  Jan.  2,  1893, 
thus  causing  the  change  in  the  number  of  cities  and  towns  since  the 
previous  year. 

A  public  water  supply  was  introduced  during  this  year  for  the 
first  time  into  the  towns  of  Chester,  North  Brookfield  and  Province- 
town,  increasing  the  number  of  places  supplied  to  146.  In  addition 
to  the  new  supplies  for  the  places  named  above,  new  sources  have 
been  substituted  for  old  ones  in  Attleborough,  Chicopee,  Easthamp- 
ton,  Orange  and  Taunton.  In  many  other  places  additional  works 
of  less  importance  have  been  constructed  to  increase  the  capacity 
of  the  sources  of  supply. 

It  has  been  found  by  experience  that  there  is  unusual  danger 
when  water  is  taken  directly  from  a  running  stream  into  which 
sewage  is  discharged,  and  it  is  therefore  worthy  of  note  that  of  the 
works  constructed  during  the  year  those  at  Taunton,  Chicopee  and 
Orange  were  built  for  the  purpose  of  abandoning  the  use  of  polluted 
streams  as  sources  of  supply,  while  at  Lawrence,  although  the  Mer- 
rimack River  is  still  used  as  a  source,  the  whole  of  the  water  used  is 
filtered  through  a  filter  having  an  area  of  two  and  one-half  acres  to 
remove  the  disease  germs  which  may  be  in  the  river  water. 

At  Lowell  new  works  for  taking  water  from  the  ground  have  been 
constructed,  which  furnish  a  portion  of  the  supply  of  the  city,  but 
the  greater  portion  still  comes  from  the  Merrimack  River. 

The  following  table  gives  a  classification,  by  population,  of  cities 
and  towns  having  and  not  having  public  water  supplies  Dec.  31, 
1893.    The  populations  are  taken  from  the  census  of  1890  :  — 


PoruuiTiov 


Number  of 
Placet  ofOiven 

Population 
havlnir  a  Pab- 

Uc  Water 
8oppt]r. 


UoilerSOO. 

iOO.1,000, 

l.«».l,MO, 

I.aO02,00O, 

^000.2,MO 

^vco^ooo, 

WiO-^^SOO 

3.a0(M.00O 

♦.f*M,MO 

Above  4,100, 

TOTAU 


0 
6 

e 

8 
9 
7 
8 
T 
11 
85 


146 


ToUl 
Popnlatlon  of 

Places 

in  Preeedlng 

Golomn. 


0 

4,M0 

7,249 

18,857 

19.987 

19,668 

26.010 

26.828 

47,201 

1,779,952 


1,949,456 


Number  of 

Places  ofOlTen 

Population 

not  having  a 

Public 
Water  Supplj. 


28 

63 

43 

27 

14 

18 

5 

2 

6 

1 


206 


Total 
Population  of 

Placet 

In  Preceding 

Column. 


9,772 
48,167 
52.810 
48,382 
80,299 
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289,488 
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From  the  totals  given  in  the  table  it  will  be  seen  that,  although 
but  forty-one  per  cent,  of  the  cities  and  towns  in  the  State  have  a 
public  water  supply,  yet  the  total  population  of  places  supplied 
represents  87.1  per  cent,  of  the  whole  population  of  the  State.  In 
this  estimate  of  the  total  population  of  municipalities  supplied  all  of 
the  inhabitants  in  them  are  included,  and  it  consequently  includes 
rather  more  than  the  actual  number  of  persons  to  whom  a  public 
water  supply  is  available ;  the  difference,  however,  is  not  large. 
There  are  now  but  6  towns  having,  by  the  census  of  1890,  a  popu- 
lation exceeding  4,000,  which  are  not  provided  with  a  public  water 
supply.     These  are  given  in  the  following  table :  — 


Towns. 

Popalstion  In 
IMO. 

Towns. 

Population  iB 

Biaekstone, 

Ipswich* 

Milibary 

e,is8 

4.439 
4.428 

WincbendoD 

Rockport,* 

Barnstable, 

WV^ 

*  Works  for  the  sapply  of  Ipswloh  and  Bockport  were  begun  In  18M. 

In  the  following  table  the  various  water  supplies  are  classified 
according  to  the  dates  when  a  fairly  complete  system  of  supply  was 
first  introduced  into  a  city  or  town  :  — 


Ybabs. 

Nomber  of 

Places 
Supplied. 

Tbabs. 

Number  of 

Places 
Supplied. 

Previons  to  1850, 
18S0-1S50.  inclusive,  . 
1800-1 869,  Inclusive,  . 
1870-1870,  inclusive,  . 
1880-1889,  Inclusive,  . 
1890,     

e 

4 
10 
44 
68 

6 

1891,    

1892 

1893,    

Total, 

6 

1 
8 

146 

Of  the  30  cities  in  the  Commonwealth,  28,  having  a  total  population 
in  1890  of  1,355,849,  own  their  water  works ;  while  2,  having  a  total 
population  of  38,598,  are  wholly  supplied  by  private  companies.  Of 
the  116  towns  having  public  water  supplies,  69,*  with  a  total  popu- 
lation of  360,260,  are  supplied  from  their  own  works,  while  47,  with 
a  total  population  of  194,748,  are  supplied  by  private  companies. 
The  total  population  in  both  cities  and  towns  owning  their  works  is 
1,716,109,  against  233,346  in  those  supplied  by  private  companies. 

The  following  table  gives  statistics  with  regard  to  the  consumption 
of  water  in  many  of  the  cities  and  towns  in  this  State.  The  popu- 
lations for  1893,  as  given  in  the  table,  were  obtained  in  a  somewhat 


*  The  figares  In  this  paragraph  differ  somewhat  from  corresponding  figures  on  page  ft,  owing  to 
Information  received  after  the  first  figures  were  printed  that  the  control  of  water  works  In  two  towns 
had  passed  from  private  companies  to  the  pnblic  authorities. 
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arbitrary'  manner  by  adding  tbree-fifths  of  the  iocreiiee  in  populntiOD 
from  1885  to  1890  to  the  population  aa  determined  by  the  census 
taken  in  the  latter  year.  The  daily  coDsumption  per  inkabiiaTU, 
obtained  by  dividing  the  average  daily  cocsumption  by  the  total 
population  of  the  city  or  town  in  1893,  is  less  than  the  amount  per 
comumer,  because  there  are  some  in  all  cities  and  towns  who  do  not 
uw  the  public  water  supply.  This  difference  between  the  number 
of  inhabitants  and  consumers  accounts,  to  a  large  extent,  for  the  low 
rate,  per  inhabitant,  in  some  towns  where  works  have  been  in  oper- 
ation only  a  short  time,  and  in  consequence  water  has  not  been  gen- 
erally introduced ;  also,  in  towns  where  there  are  villages  to  which 
the  public  water  supply  has  not  been  extended ;  but,  after  making 
ill  due  allowance  for  the  varying  proportion  of  water  takers,  there 
is  still  a  very  great  difference  in  the  amount  of  water  used  per  por- 
BDQ  in  different  places,  which  it  is  very  difficult  to  account  for. 

Stalistiet  rtlaling  lo  the  Oonaamption  of  Water  in  Varioui  Citiea  and  Tovma. 
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Daily  Bainfall  in  Inches  at  Nine  Places  in  Massachusetts,  Oeographically  selected. 
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24,  .        . 
25,.        . 

26,  . 

27,  .        . 

28,  .        . 

29,  .        . 
80.  .        . 
31,  . 

Totals, 

0.05 
0.02 
0.50 

0.20 
0.05 
0.30 

0.05 

0.20 

0.06 
0.12 

0.22 

1.77 

U.06 
0.50 

0.19 

0.13 
0.18 

0.15 

0.22 

0.38 
0.51 

0.32 

2.64 

0.14 
0.20 

0.10 
0.06 

0.02 

0.21 
0.24 

0.11 
0.32 

0.05 

1.54 

0.38 
0.06 

0.12 

1.40 

0.26 
0.08 

0.23 
0.21 

0.06 
0.02 
2.91 

0.24 
0.07 

0.10 

0.73 

0.67 
0.16 

0.10 
0.03 

2.10 

0.85 
0.14 

0.08 

0.21 

0.89 
0.41 

0.82 
1.00 

0.13 

3.48 

« 
0.24 

* 
0.02 

0.08 

0.99 
0.01 

« 
0.66 

1.95 

0.18 
0.47 

m 
0.28 

0.65 

• 
0.24 

• 
0.31 

0.07 

2.10 

0.85 
0.87 

0.02 
0.06 

0.17 

0.10 
0.22 

0.08 

1.90 

1..          . 

2.  .        . 
8.  .        . 

4..       . 

5.  .        . 

«•.        . 
7,.        . 
8,.       . 

«,  .       . 
10,  . 
11..        . 

12,  .       . 

13,  . 

14,  .       . 

15,  .        . 

16,  . 

17,  .       . 

18,  . 

19..        . 
20,.        . 
21,.       . 
22..        . 
28.  .       . 

24,  .        . 

25,  . 

26,  . 

27..        . 
28..        . 
29..        . 
30.  . 
31..        . 

Totals. 

0.25 
0.05 

0.02 
0.56 

0.10 
0.24 

0.10 
0.10 

0.02 
0.62 

0.10 

0.10 
0.78 

3.10 

0.11 
0.04 

0.02 

0.20 
0.15 

0.20 
0.60 

0.77 
0.04 
0.10 

0.20 
0.97 

3.40 

0.36 

0.09 
1.28 

0.79 
0.13 

0.19 
0.04 
0.02 
0.29 
0.61 

0.83 

1.01 
1.04 

7.58 

* 

1.65 
0.42 
0.19 

0.08 

0.03 

« 
1.81 

0.82 

0.43 
6.88 

« 

1.09 
1.48 
0.36 

0.09 
0.04 

« 
1.84 

0.35 

0.88 
6.53 

0.47 

« 

0.30 
0.18 
0.32 

0.77 

« 
0.42 

0.13 
0.95 

» 
0.50 

0.03 
0.52 

• 

2.48 

• 

2.87 
0.36 

• 
0.17 

• 

0.18 
0.02 
0.02 
1.48 

0.24 

0.18 
8.00 

0.12 

• 
2.87 

0.03 

0.07 

0.23 

• 
2.65 

mm 

0.35 

«  1 

1 
0.12 

M4 

0.2S 

• 

i 

1.44 

0.03 

0.36 

* 
2.74 

• 
0.36 

COS 
O.02 

*  PrecipitatioD  Included  in  that  of  foUowlog  day. 


t  Average  of  two  etatloDS. 
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Doity  BainfaU  in  Inehei  at  Nine  Placet  in  Matsaekusetts,  GeograpMeally  $eUcUd 

—  Continued. 

■•»«•■.»•»,  IMS.  •Hm%»r,  ISM. 
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Moxm. 
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• 
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• 

t 

a 

na 
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• 
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Si 
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UOIITH. 
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1 

4 

s 
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• 

• 

a 

1 
1 

X 

• 

a 

■ 

1 

m 

1 

S 

• 

1 

1.  .       . 
2..       . 
«..       . 
4,.       . 

6,.       . 

6,  .       . 

T.  .       . 
8..       . 
«..       . 

w. .     . 

11,.       . 
12..       . 
13..       . 
14,.       . 
IS,.       . 

le,.     . 

17..      . 
18,.       . 
19,.       . 
20,.       . 
21,.       . 
22,.       . 
28..       . 
24..       . 
25,.       . 
26,.       . 
2T,.       . 
28..       . 
29..       . 
80..       . 

0.06 

0.75 
0.23 

0.84 
0.48 

0.11 

0.06 
0.10 

0.90 

1.20 

0.35 
0.56 

0.11 
0.22 

0.1ft 
0.03 

0.04 
0.02 

0.68 
0.02 

0.02 
0.41 

0.1ft 

0.01 
0.03 

0.2ft 

0.0ft 
0.07 

• 

0.29 
0.64 

0.08 
0.63 

0.21 
0.08 

0.07 
1.80 

• 

0.86 
0.46 

0.02 
0.66 

0.28 

0.0ft 
0.12 

0.0ft 
1.8ft 

m 
O.lft 

0.88 

«» 
«■ 

0.84 
0.00 

0.02 
0.10 

0.08 
1.81 

• 
0.81 

• 
0.47 

0.68 
0.07 

• 
0.06 

1.44 

• 
0.66 

0.18 

0.70 

0.28 

• 
0.06 

0.86 

• 
0.16 

0.02 

2.20 

0.72 
0.14 

0.03 
0.46 

0.47 

0.03 
0.04 

0.41 

1 

0.22 

• 
0.60 

0.02 

3.04 

1,.          . 

2..       . 
8..       . 

4..        . 
6..       . 

6..       . 

7.  .       . 
8,.       . 
9..       . 

10,  •       . 

11,  .       . 

1  12,  .        . 
18,.        . 
14,.        . 
1ft,  . 

16,.       . 
17,.       . 
18,  . 

1»,  .       . 
20,.        . 
21,.        . 
22..       . 
28,.       . 
24,.        . 
2ft,.        . 
26.  .        . 
27,.        . 
28,.        . 
29,.        . 
80,.        . 
81,  . 
Totals, 

0.18 
0.94 

0.40 
0.05 

0.10 
1.60 

0.83 

1.84 

• 

0.06 
1.90 

0.06 
1.90 

0.02 
0.28 

1.16 

0.81 
1.61 

0.06 
1.20 

6.03 

0.06 
0.11 

0.78 

• 
2.27 

• 
0.91 

4.08 

• 
1.80 

• 
2.02 

• 
0.29 

0.08 
0.17 

0.72 

• 
2.00 

• 
0.84 

0.06 

0.68 

• 
2.64 

0.03 
0.74 

• 
1.81 

0.23 

0.04 
0.08 

0.02 

«■ 

0.04 
1.76 

0.12 

Totals. 

2.42 

2.62 

1.04 

4.16 

6.68 

3.70 

8.76 

3.27 

2.81 

2.61 

*  Prsdpltstion  ineladed  In  tliat  of  following  day. 


t  Average  of  two  stations. 
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Daily  SainfaU  in  Inchet  at  Nine  Ptaeea  in  MattaehuaeUa,  Oeogrtg^thieatty  leUeltd 

— CoDcladed. 
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7.  . 

8.  . 
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10,  . 

11,  . 

12,  . 
18.    . 

M.   . 
16.    . 

16,  . 

17,  . 

18,  . 

19,  . 

20,  . 

21,  . 

22,  . 

23,  . 

24,  . 
26.    . 

26.  . 

27.  . 

28.  . 

29.  . 
80.    . 

0.04 
0.34 
0.81 

0.08 
0.18 

0.47 
0.80 

0.06 
0.40 
0.80 

0.09 
0.20 

0.67 
0.78 

0.01 
0.41 
0.22 

0.10 

0.92 
0.82 

* 
0.81 

0.18 

• 
0.70 

0.64 
2.23 

• 

0.71 

0.19 

0.02 
0.66 

0.48 

0.01 
0.48 

0.10 

0.06 
0.76 

0.89 

• 
0.60 

0.18 

0.66 

0.84 
1.77 

• 
1.36 

am 

0.87 
0.02 

0.63 
0.69 

am 

2.97 

0.02 

• 

0.93 

0.03 
0.86 

0.04 
0.62 

0.71 
2.71 

1.. 

2,. 

8.. 

4,. 

6,. 

6.. 

7.. 

8.. 

9,. 
10,. 
11.. 
12,. 
18.. 
14.. 
16.. 
16.. 

17,. 
18,. 
19,. 
20.. 
21,. 
22,. 
28.. 
24.. 
26.. 
26.. 
27.. 
28.. 
29.. 
80.  . 
81,. 
Tot.. 

0.28 
0.10 
1.87 

0.16 

0.26 

0.06 

0.10 
0.46 
0.44 
0.81 

0.02 

0.14 
0.02 

0.06 
0.12 
0.10 
0.11 
4.66 

0.86 

• 

2.00 

• 

0.80 
0.30 

0.18 

* 
• 

1.80 
0.80 

0.17 

0.18 

0.10 
6.68 

0.80 

1.40 
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0.66 

0.10 

0.09 

0.09 
0.80 
0.96 

0.06 

«■ 

0.06 

«■ 

0.01 
0.06 
0.06 
0.04 

0.40 

* 

1.46 
0.70 
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0.04 

1.64 
0.04 

0.06 

0.06 

0.14 
4.04 

0.39 

* 

1.66 
0.67 

• 
0.36 

• 
• 
* 

1.64 
0.03 

0.08 

0.06 

* 

0.24 
4.91 

0.33 

* 

2.96 

* 

0.63 

* 
0.2» 

0.08 

• 
• 
• 

1.22 
0.04 

0.06 

0.01 
O.ll 

0.12 

0.41 

1.90 

0.39 

* 

1.06 

• 
0.84 

0.06 

• 
0.42 
0.21 
0.73 

0.08 
0.02 

0.09 
0.20 

0.62 

• 

1.57 
1.96 

0.47 

0.74 

• 

0.83 
0.16 

0.10 

o.n 

0.00 
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0.M 

0.15 
1.84 

• 
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0.41 
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• 

1.17 
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O.OS 
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1.62  2.40*2.48 

2.001.82 

4.96 
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1 

0.9S 

Totals  for  7baii, 

48.87 

60.84 

48.8648.90 

1          '          1 
46.7141.9648.9760.80 

1          1        . 

M.7I 

*  Precipitation  Iticladed  in  that  of  following  day. 
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Flow  of  Streams. 

The  flow  of  the  streams  of  the  State  durmg  the  year  1893,  as 
indicated  by  the  flow  of  Sudbury  River,  was  a  very  little  less  than 
the  average  for  the  past  nineteen  years,  but  the  distribution  was  very 
uneven.  The  flow  was  above  the  average  in  March,  April  and  May, 
in  the  latter  month  being  nearly  twice  as  great  as  that  recorded  in 
the  same  month  for  any  previous  year,  but  in  all  the  remaining 
months  the  flow  was  below  the  average,  and  from  June  to  November, 
inclusive,  was  the  smallest  since  1887. 

The  effect  of  this  distribution  of  the  flow  was  the  opposite  of  that 
of  the  previous  year.  In  1893  the  drought  was  felt  most  by  the 
cities  and  towns  deriving  their  supply  from  large  watersheds,  with 
comparatively  small  storage,  from  which  water  usually  runs  to  waste 
in  the  spring ;  while  those  communities  taking  their  supply  from 
large  ponds  fed  by  comparatively  small  watersheds  experienced  no 
unusual  inconvenience,  owing  to  the  large  amount  of  water  collected 
during  the  spring  months. 

In  order  to  show  the  relation  between  the  flow  of  the  Sudbury 
River  during  each  month  of  1893  and  the  normal  flow  of  the  same 
river,  as  deduced  from  fifteen  years' observations  from  1879  to  1893, 
inclusive,  the  following  table  has  been  prepared.  The  area  of  the 
watershed  of  the  Sudbury  River  above  the  point  of  measurement  is 
75.2  square  miles. 

Table  shoiving  the  Average  Monthly  Flow  of  Sudbury  River  for  the  Tear  1893, 
in  Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area,  also  Departures 
from  the  Normcd  Flow, 


MONTH. 


NoKMAL  Flow. 

Cubic  Fe«t  per 

Second  per 

Sqaare  Mile. 


Actual  Flov 

IH  ISOS. 

Cnbic  Feet  per 

Second  per 

Square  Mile. 


£XCK88  OR  Db- 
FICtKNCT. 

Cubic  Keet  per 

Second  per 

Square  Mile. 


Jaoiiuy, 
Febraary, 
Mareli,    . 
AprU,     . 

June, 

Aagoit, . 
Bepiember, 
Ociobcr,. 
November, 
»r. 


2.116 
8.190 
4.150 
2.951 
1.807 
0.780 
0.279 
0.430 
0.432 
0.700 
1.119 
1.422 


1.611 


0.670 
2.886 
5.021 
8.288 
4.461 
0.680 
0.246 
0.279 
0.168 
0.843 
0.493 
1.283 


1.004 


—1.445 
--0.804 
-f«.862 
- -0.337 
--2.654 
—0.056 
—0.0^4 
—0.151 
—0.204 
—0.447 
—0.626 
—0.189 


—0.007 
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The  next  table  shows  the  weekly  fluctaations,  during  1893,  in  the 
flow  of  the  two  streams  most  carefully  measured,  namely,  the  Sud- 
bury and  the  Merrimack.  The  flow  of  these  streams,  particularly 
the  Sudbury,  will  serve  to  indicate  the  condition  of  other  streams  in 
eastern  Massachusetts. 


Table  shotving  the  Average  Weekly  Flow  of  the  Sudbury  arid  Merrimack  Rivers^  in 
Cubic  Feet  per  Second  per  Square  Mile  of  Drainage  Area^for  the  Year  1893, 


SCDBUBT 
KlVBB. 

Mbbbimack 

UIVKB. 

Scdbubt 
Kivaa. 

Mbbbivack 

RlVKB. 

WBBK  BKDIirO  SCXDAT. 

Cable  Feet 

per 

Second 

per  Square 

Mile. 

Cubic  Feet 

per 

Second 

per  .<4qaare 

Mile. 

Wbxk  XXDIirO  SUHDaT. 

Cnbic  Feet 

per 

Second 

per  Sqnare 

Mile. 

Cable  Feet 

per 

Second 

per^*ja.« 

Jan     1,     . 

0.514 

0.837 

July  2,    . 

•              • 

0.516 

0.969 

8.     . 

1.1S2 

1.017 

».    .       . 

• 

0.812 

0.004 

15,     . 

0.626 

0.610 

16.   .       . 

0.211 

0.508 

22.     . 

0.460 

0.526 

28,   .       . 

0.258 

0.470 

2».     . 

0.412 

0.470 

80,    . 

0.179 

0.535 

Feb.  6,     . 

0.586 

0.487 

Aug.  6,    . 

0.275 

0.441 

12,     . 

4.037 

1.067 

18,    .       . 

0.251 

0.469 

M,     . 

2.680 

1.678 

20.    .       , 

0.181 

0.437 

26,     . 

1.287 

0.982 

27,    .       , 

0.889 

0.661 

Mar.  5,     . 

1.248 

0.844 

Sept.  8,    . 

0.284 

1.000 

12.     . 

2.805 

0.936 

10,   .       , 

0.184 

0.514 

19.     . 

10.061 

4.126 

17,    .       . 

0.175 

0.481 

2fl,     . 

5.164 

2.569 

24,   .        , 

0.128 

0.617 

Apr.  2,     . 

4.228 

3.239 

Oct.    1,   . 

0.162 

0.515 

».     . 

8.610 

3.593 

8,   .       , 

0.155 

0.515 

16,     , 

8.472 

4.630 

15,    . 

0.184 

0.534 

28,     . 

8.850 

8.916 

22.   .        . 

0.197 

O.TH 

30,     , 

2.677 

8.490 

29,    . 

0.788 

1.875 

May   7, 

7.854 

7.009 

Nov.  5.   • 

0.588 

1.515 

14, 

4.209 

5.087 

12,   .       . 

0.566 

0.82S 

21.     . 

5.008 

5.808 

19,    .       . 

0.425 

0.702 

28,     . 

2.140 

8.000 

26,    . 

0.468 

0.742 

Jone  4,     , 

1.161 

1.679 

Dec.  8.   • 

0.645 

1.08S 

11,     . 

0.636 

1.206 

10,    . 

1.001 

1.194 

18. 

0.676 

1.011 

IT,   . 

0.909 

l.SOO 

26, 

0.657 

0.929 

24.    . 

1.091 

o.no 

81,    . 

1.991 

1.000 
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Id  the  annual  report  of  the  State  Board  of  Health  for  the  year 
1890  (pages  338  to  340)  a  table  was  printed  giving  records  of  the 
rainfall  upon  the  Sudbury  Kiver  watershed,  and  its  yield,  expressed 
in  inches  in  depth  upon  the  watershed  (inches  of  rainfall  collected), 
for  the  sixteen  years  from  1875  to  1890  inclusive.  The  correspond- 
ing records  for  the  years  1891  and  1892,  as  taken  from  the  annual 
reports  of  the  Boston  Water  Board,  were  given  in  the  annual  report 
for  1892.  In  the  following  table  is  given  the  record  for  1893, 
together  with  the  average  of  the  records  for  the  whole  nineteen 
years. 


Rainfall  Received  and  Collected 

071  the  Sudbury 

River  Watershed, 

ISOS. 

Mb  AN  FOB  19  YKAB4. 
1875-189S. 

MONTH. 

RelnlkU. 

Rainfall 
Collected. 

Percent. 
Collected. 

HalnftU. 

Rainfall 
Collected. 

Percent. 
Collected. 

Janaary 

2.926 

o.n8 

26.44 

4.851 

2.227 

61.18 

Pebranry, 

8.195 

2.485 

30.32 

4.292 

3.184 

74.18 

March,      . 

8.670 

5.789 

157.74 

4.608 

5.133 

111.61 

April,        .        . 

8.005 

8.668 

101.75 

8.235 

8.540 

109.43 

May..       .       , 

6.610 

5.143 

77.81 

8.445 

2.125 

61.68 

Jane, 

2.880 

0.759 

31.88 

2.983 

0.848 

28.43 

Ju'y, .       .        , 

2.570 

0.282 

10.96 

8.728 

0.833 

8.94 

ADgntt,    . 

6.415 

0.822 

5.95 

4.827 

0.528 

12.09 

September, 

• 

1.786 

0.187 

10.75 

8.088 

0.436 

14.12 

October.   . 

4.065 

0.395 

9.72 

4.193 

0.909 

21.68 

Kovember. 

2.105 

0.550 

25.07 

4.042 

1.485 

36.74 

December, 

4.860 

1.421 

29.28 

3.633 

1.811 

49.85 

TOTAI^  AN 

B  A** 

rXBA 

OK0, 

48.225 

21.774 

45.15 

45.915 

22.554 

49.12 

The  Sudbury  River  records  are  particularly  valuable  as  a  basis  for 
estimating  the  yield  of  other  watersheds  in  Massachusetts,  both  on 
account  of  the  accuracy  with  which  the  measurements  have  been 
made  during  the  whole  nineteen  years,  and  the  absence  of  abnormal 
conditions  which  would  unfavorably  affect  the  results.  It  is  there- 
fore thought  advisable  to  publish  in  the  following  table  those  por- 
tions of  the  records  relating  to  the  yield  of  this  watershed  for  each 
of  the  nineteen  years ;  and  in  doing  so  the  flow  from  the  watershed 
is  expressed  in  gallons  per  day  per  square  mile,  instead  of  inches  in 
depth  of  rainfall  collected,  in  order  to  render  the  table  more  con- 
venient for  use  in  estimating  the  probable  yield  of  watersheds  used 
as  sources  of  water  supply. 
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Yield  of  the  Sudbury  River  Watershed*  in  OaHons  Per  Day  Per  Square  ItiU. 


MONTH. 

1878. 

1878. 

1877. 

1878. 

1878. 

1888. 

1881. 

January, 

108.000 

643,000 

658,000 

1.810,000 

700,000 

1,121,000 

415.000 

February, . 

1,406,000 

1,368,000 

949,000 

2,466,000 

1,711,000 

1,787,000 

1.646,000 

March, 

1,604,000 

'4,436,000 

4,813,000 

8,607,000 

2,830.000 

1,874,000 

4,004.000 

April, 

8,040,000 

8,292,000 

2,894,000 

1.626.000 

3.116,000 

1,168,000 

1,M6,000 

May,  .       . 

1,188,000 

1,180,000 

1,391,000 

1,894,000 

1,114,000 

614,000 

965.000 

June, 

870,000 

222,000 

607,000 

606,000 

418,000 

176,000 

1,338.000 

July, . 

821,000 

183,000 

202,000 

128,000 

168.000 

in,ooo 

276.000 

Auguat,     . 

806,000 

406.000 

121,000 

476,000 

806,000 

119,000 

148,000 

September, 

207,000 

184,000 

60,000 

160,000 

141,000 

80,000 

197,000 

October,    . 

646.000 

234,000 

632,000 

616,000 

71,000 

101,000 

186.000 

November, 

1,802,000 

1,088,000 

1,418,000 

1,693.000 

206,000 

205,000 

895.000 

December, 

584,000 

464,000 

1,289,000 

8,177,000 

462,000 

176,000 

776.000 

Average  for  whole  year, 

072,000 

1,136,000 

1,214,000 

1,462,000 

894,000 

678,000 

979,000 

Av'ge  for  driest  six  months,  . 

674,000 

384,000 

602,000 

632,000 

280,000 

148,000 

880,000 

MONTH. 

1889. 

1888. 

1884. 

1888. 

1888. 

1887. 

1888. 

January, 

February, 

March, 

April, 

May,. 

June, . 

July,  . 

August,     . 

September, 

October, 

November, 

December, 

1,241,000 

2,403,000 

2,839,000 

867.00U 

1,292,000 

629,000 

86.000 

65,000 

806,000 

299,000 

210,000 

314.000 

835,000 

1,033,000 

1,611,000 

1,350,000 

988,000 

800,000 

116,000 

78,000 

91,000 

186,000 

906,000 

193,000 

995.000 

2,842,000 

3,785,000 

2,868,000 

1,030,000 

417,000 

224,000 

267,000 

44,000 

83,000 

176,000 

926,000 

1,286,000 

1,854.000 

1,672,000 

1,815.000 

1,836,000 

426,000 

62.000 

240,000 

121,000 

836,000 

1.178.000 

1,174,000 

1,461,000 

4,800,000 

2,050,000 

1,947,000 

720,000 

208,000 

116,000 

94,000 

118,000 

146,000 

678,000 

1,020,000 

2,689,000 

2,829.000 

2,868,000 

2,620,000 

1.009,000 

414,000 

114,000 

214.000 

111,000 

190,000 

868,000 

643,000 

1,063.000 

1.951,000 

3,237.000 

2,646,000 

1,632.000 

422.000 

117,000 

880.000 

1.165.000 

1,999.000 

2«7&8.000 

3,043,000 

Average  fo 
Av'ge  for  d 

r  wb 
Iriest 

oley 
sizi 

ear, 
mont 

hs.  . 

862,000 
211,000 

633,000 
146,000 

1,129,000 
200,000 

901,000 
891,000 

1,087,000 
223,000 

1,164,000 
234,000 

1,607,000 
953,000 

MONTH. 

1888. 

1888. 

1881. 

1888. 

1888. 

Menn  for  19 

Years, 
1879-1888, 

Incliulve, 

January,    , 
February, . 
March, 
April,         , 
May,  . 
June, . 
July,  . 
August.     , 
September, 
October,    . 
November, 
December, 

2,782.000 

1,195.000 

1,330,000 

1,410,000 

880,000 

653,000 

633,000 

1,432,000 

824.000 

1,230.000 

1,941,000 

2,241,000 

1,264,000 

1,529,000 

3,643,000 

1,875,000 

1,366,000 

668.000 

108,000 

132,000 

458.000 

2.272.000 

1,216,000 

997,000 

8,018,000 

8,486.000 

4,453,000 

2,897,000 

682.000 

414.000 

149,000 

163,000 

203,000 

210.000 

805.000 

644,000 

1,870,000 
943,000 

1,966,000 
871.000 

1,269,000 
428,000 
214,000 
280,000 
229.000 
126.000 
697,000 
486.000 

438,000 

1,642,000 

8,246,000 

2.126,000 

2,883,000 

440,000 

168,000 

181.000 

106,000 

221,000 

819.000 

797,000 

1,248.000 

1. 958,000 

2.879.000 

2,0>51,0O0 

1,191,000 

491.000 

186,000 

293,000 

252.000 

610,000 

800,000 

1,015.000 

Average  fo 
Av'ge  for  d 

r  wh 
Iriest 

oley 

slxi 

ear, 
mont 

bs,  . 

1,383,000 
944,000 

1,285,000 
747,000 

1,316,000 
239,000 

781,000 
827,000 

1,037,000 
287,000 

1,073,000 
887,000 

*  The  area  of  the  Sudbury  River  watershed  used  in  making  np  these  reoords  tnclnded  water  snrfikeM 
•mounting  to  about  one  per  cent,  of  the  whole  area,  frooB  1876  to  1878  inoluslve,  and  aubaequently 
increasing  by  the  construction  of  storsge  reservoirs  to  about  three  per  cent,  in  1886.  The  watershed 
also  contains  extensive  areas  of  swampy  land,  which,  though  oovered  with  water  at  tlmea,  are  not 
included  in  the  above  percentages  of  water  surfaces. 
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ON  THE  AMOUNT  AND  CHARACTER  OF  ORGANIC  MATTER  IN 
SOILS  AND  ITS  BEARING  ON  THE  STORAGE  OF 

WATER  IN  RESERVOIRS. 


By  Thomas  M.  Drown,  M.  D.,  Chemist  of  the  Board. 


Many  statements  have  been  made  in  previous  reports  of  the  Board, 
concerning  the  injurious  effect  on  impounded  water  of  the  organic 
matter  in  the  bottoms  and  sides  of  reservoirs,  and  great  stress  has 
been  laid  on  the  importance  of  removing  all  vegetation,  as  well  as 
the  upper  layers  of  the  soil,  before  filling  a  new  basin  with  water.* 

In  order  to  determine  in  any  case  just  how  far  it  is  necessary  to 
go  in  the  removal  of  the  surface  soil,  a  knowledge  of  the  composition 
of  'the  soil,  based  on  chemical  analysis,  is  a  much  surer  guide  than 
the  unaided  eye.  It  is  not  merely  a  question  of  the  effective  clean- 
ing of  the  bottom  and  sides  of  the  reservoir,  but  also  of  avoiding  the 
expense  involved  in  stripping  the  soil  to  a  greater  depth  than  is 
necessary.  In  connection  with  the  investigations  of  the  State  Board 
of  Health  relative  to  a  water  supply  for  the  city  of  Boston  and  its 
saburbs,  surveys  have  been  made  for  an  immense  storage  reservoir 
CD  the  south  branch  of  the  Nashua  River  above  Clinton,  and  it  was 
thought  desirable  that  a  thorough  knowledge  of  the  character  of  the 
soil  should  be  obtained  as  a  basis  for  determining  the  amount  which 
it  would  be  necessary  to  remove  to  obtain  a  clean  bottom  and  sides 
practically  free  from  organic  matter.  Samples  of  soils,  representing 
sections  of  the  ground  to  a  depth  of  three  feet,  were  taken  at  nine 
places  in  Clinton,  Sterling,  West  Boylston,  and  BoyUton,  and  in 
one  case  at  the  bottom  of  a  mill  pond. 

Each  of  these  nine  sections  were  divided  into  six  or  seven  samples 
for  analysis,  the  upper  portion  being  divided  into  thin  layers  of  two 
to  three  inches,  the  lower  portions,  with  less  organic  matter,  into 
layers  of  six  inches  to  one  foot  in  depth. 

*  Compare  special  report  apon  the  examination  of  water  fappUes,  1890,  pages  748,  772, 
773;  report  for  1891,  page  381. 
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The  amount  of  organic  matter  in  these  samples  was  determined 
(after  careful  drying  to  a  constant  weight  at  100°  C.)  by  heating 
the  samples  to  a  bright  red  heat.  The  loss  on  ignition  thus  obtained 
represents  approximately  the  organic  matter  in  the  samples.  But 
in  order  to  get  a  better  knowledge  of  the  character  of  this  organic 
matter,  the  amounts  of  carbon  and  of  nitrogen  were  also  determined 
in  each  sample  —  the  former  by  combustion  in  oxygen,  the  latter  by 
the  Kjeldahl  method.  In  series  9  and  10,  the  amount  of  hydrogen 
was  also  determined.* 

Owing  to  the  heterogeneous  character  of  many  of  the  samples, 
composed  often  of  a  mixture  of  soil,  roots  and  large  stones,  it  is 
sometimes  extremely  difficult  to  get  a  sample  for  analysis  that  shall 
fairly  represent  the  layer  in  question.  Perhaps  some  of  the  apparent 
irregularities  in  the  results  may  be  due  to  this  cause.  But  thoogh 
this  difficulty  is  inherent  in  the  investigation  it  is  not  believed  to 
seriously  affect  the  results,  or  the  conclusions  drawn  from  them. 

The  results  obtained  in  the  analyses  of  the  nine  sections  of  soil, 
and  the  deposit  from  the  bottom  of  the  mill  pond,  are  given  in  the 
accompanying  tables.  The  largest  amount  of  organic  matter  found 
was  from  a  swamp  at  the  head  of  Boylston  Mill  Pond  (Series  7), 
and  the  next  largest  in  amount  from  the  hillside  near  the  site  of  the 
proposed  dam  (Series  4).  The  other  series,  from  very  dissimilar 
ground,  did  not  differ  very  widely  in  the  amount  of  organic  matter 
present,  although  they  included  both  unwooded  and  uncultivated 
land  and  wooded  and  manured  pasture  land.  But  in  all  the  series 
there  is  usually  a  rapid  falling  off  in  the  amount  of  the  organic 
matter  below  a  depth  of  nine  to  eleven  inches.  At  the  depth  of 
three  feet  the  amount  of  organic  matter,  as  shown  by  the  loss  on 
ignition,  in  no  case  reaches  two  per  cent.,  and  in  the  majority  of  the 
cases  it  is  below  one  per  cent.  The  mud  taken  from  the  bottom  of 
the  Mill  Pond  at  different  points  contained  very  variable  amounts  of 
organic  matter,  from  almost  nothing  at  one  place  in  the  shallow  por- 
tion to  nearly  15  per  cent,  in  the  deeper  portion. 

It  was  thought  that  the  relation  of  the  amount  of  nitrogen  to  the 
amount  of  carbon  in  the  organic  matter  might  throw  some  light  on 
its  character  and  its  likelihood  to  undergo  decomposition.  This 
relation  is  given  to  the  column  headed  |.  The  only  series  in  which 
the  nitrogen  ratio  is  noticeably  higher  than  the  rest  is  No.  5,  from 

•  All  the  analjsef  in  this  InTestigation  were  made  bj  Misf  Elisabeth  Mason. 
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low  pasture  land.  Series  Nos.  4  and  6,  both  from  hillsides,  show  a 
noticeably  high  carbon  ratio,  and  the  others  are  not  very  dissimilar 
in  their  proportion  of  carbon  to  nitrogen. 

An  attempt  was  made  to  imitate  the  conditions  which  would  ob* 
tain  if  the  reservoir  should  be  filled  with  water  without  removing 
the  soil,  in  order  to  determine  what  would  be  the  effect  of  each  of 
the  soils  examined  on  water  in  contact  with  it.  It  is  obvious  that 
no  laboratory  experiment  could  exactly  reproduce  the  conditions 
which  would  exist  in  a  reservoir.  Thus  it  would  not  be  easy  to 
imitate  the  period  of  long  stagnation  of  the  water  during  the  sum- 
mer, when  the  deeper  layers  of  the  water  are  in  contact  with  the 
soil,  without  an  opportunity  to  get  a  fresh  supply  of  oxygen  from  the 
air.  Still  it  was  thought  that  some  idea  of  the  effect  of  the  different 
soils  on  the  water  could  be  obtained  by  treating  the  samples  with 
water  for  a  definite  time,  and  then  examining  the  solutions  thus  ob- 
tained with  respect  to  the  character  of  the  organic  matter  dissolved. 
In  order  to  hasten  the  action  of  the  water  on  the  soils,  it  was  heated 
to  65^  C,  and  the  time  of  contact  at  this  temperature  was  six  hours. 
The  waters  were  then  filtered  and  the  filtrate  examined  by  the  usual 
methods  used  in  the  sanitary  analysis  of  water.  After  standing  one 
week  the  waters  were  again  tested  for  free  ammonia,  to  ascertain  the 
amount  of  decomposition  which  had  gone  on  in  this  time,  thus  ob- 
taining information  as  to  the  character  of  the  organic  matter  dis- 
solved. The  actual  amounts  of  organic  matter  found  in  these  solutions, 
as  indicated  by  the  albuminoid  ammonia  and  oxygen  consumed,  are 
not  especially  significant,  since  they  would  probably  have  been  very 
different  if  another  temperature  or  a  greater  or  less  time  of  treat- 
ment had  been  adopted.  But  a  comparison  of  the  amounts  dissolved 
from  the  soils  in  each  series,  and  a  comparison  of  the  series  with  each 
other,  yield  information  as  to  the  relative  facility  with  which  each  of 
the  samples  examined  give  up  organic  matter  to  water  with  which  it 
comes  in  contact. 

In  the  various  experiments  tried  the  proportion  of  soil  to  water 
differed,  and  in  some  cases  distilled  water  was  used  and  in  others 
Cochituate  water.  •  But  in  the  tables  the  results  of  series  1  to  8 
have  been  calculated  to  represent  the  effect  of  the  treatment  of  100 
grams  of  soil  with  two  litres  of  pure  water  at  65^  C.  for  six  hours. 
In  series  9  and  10  no  heat  was  employed.  In  these  experiments  250 
grams  of  each  sample  were  placed  in  a  bottle  with  two  litres  of  pure 
distilled  water.     After  one  week,  one  litre  of  this  water  was  filtered 
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off  and  analyzed,  and  at  the  end  of  the  second  week  the  remaining 
water  was  examined. 

In  comparing  these  tables  of  analyses  of  the  waters  with  the 
corresponding  tables  giving  the  percentage  determinations  of  loss  on 
ignition,  carbon  and  nitrogen,  a  general  agreement  will  be  noticed; 
that  is  to  say,  the  samples  containing  the  most  organic  matter 
give,  as  a  rule,  the  most  concentrated  solutions  of  organic  matter. 
But  the  analyses  do  not  indicate  more  than  a  very  general  corre- 
spondence of  this  kind.  It  will  also  be  noted  that  the  amount  of 
decomposition  going  on  in  these  solutions,  indicated  by  the  increase 
of  free  ammonia  on  standing  one  week,  is,  in  general,  also  proportional 
to  the  amount  of  organic  matter  present.  The  most  notable  increase 
in  the  free  ammonia  is  generally  in  the  solutions  prepared  from  the 
surface  samples.  In  solutions  from  the  deeper  samples  there  is 
generally  a  decrease  of  free  ammonia  indicating  doubtless  its  oxida- 
tion to  nitrates.  The  samples  from  the  bottom  of  the  Mill  Pond 
(series  8)  give  solutions  which  have  little  or  no  tendency  to  develop 
free  ammonia.  This  might  be  expected  from  the  fact  that  the  or- 
ganic matter  they  contain  has  long  been  in  contact  with  water. 

The  effect  of  the  soil  on  the  color  of  water  is  given  both  for  color- 
less distilled  water,  and  for  Cochituate  water  having  an  original 
color  of  about  0.55  on  the  scale  used  in  the  analyses  of  the  State 
Board  of  Health.  In  these  color  determinations  the  water  was  not 
heated,  and  the  length  of  time  of  contact  with  the  soil  was  about 
18  hours.  It  will  be  noticed  that  in  some  cases  the  deeper  samples 
actually  diminished  the  color  of  the  Cochituate  water. 

As  a  preliminary  conclusion,  based  on  the  facts  determined  in  this 
investigation,  it  may  be  said  that  the  effect  of  the  organic  matter  in 
these  various  soils  on  the  water  in  contact  with  them  is  simply  a 
question  of  its  amount,  and  that  its  origin  and  composition  seem 
to  be  without  marked  influence.  The  watershed  from  which  the 
samples  were  taken  is  very  sparsely  populated,  and  the  organic 
matter  in  all  cases  is  mainly  of  vegetable  origin. 

It  is  probable,  therefore,  that  we  need  only  concern  ourselves  with 
the  amount  of  organic  matter  in  a  soil  of  this  character  in  determin* 
ingthe  necessity  of  its  removal,  and  as  a  provisional  standard  we 
may  perhaps  fix  1.5  to  2  per  cent,  of  organic  matter,  as  determined  by 
the  loss  on  ignition  of  the  sample  dried  at  100^  C. ,  as  the  permissible 
limit  of  organic  matter  that  may  be  allowed  to  remain  on  the  bottom 
and  sides  of  a  reservoir. 
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Series  1. 

Fr(mi  a  Cornfield  One-quarier  MUe  below  Clarendon  Mills,  West  Boylston.  Culti- 
vated Fertilized  Ground  in  Bottoms,  Samples  taken  from  Surface  to  Three 
Feet  below  Surface,    All  Samples  dried  at  lOCPG. 


» 

Lou 
on  Ignition. 

(Per  Cent.) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Per  Cent) 

Katlo. 

e 

ft 

la.   Biirfaoeto2lD.beIow, 

8.54 

5.12 

0.47 

10.0 

U.    2  In.  to  4  Id.  below  anrf^ce, 

6.88 

8.55 

0.21 

16.0 

Ic.    4  la.  to  6  in.  below  surface, 

7.48 

8.47 

0.80 

11.5 

Id.  6  ia.  to  •  in.  below  aurfaee, 

4.27 

2.03 

0.21 

0.7 

U,   •  In.  to  14  in.  below  anrfaoe* 

1.87 

0.26 

0.04 

6.5 

1/.    14  in.  to  20  in.  below  anrface,     . 

1.07 

0.16 

0.02 

8.0 

1^.   S  feet  below  earfaoe,    . 

0.78 

0.15 

0.05 

8.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parte  per  100.000.] 


Free 
Ammonia. 

Free 
Ammonia 

after 

Standing 

One  Week. 

Albnmlnold 
Ammonia. 

Oxygen 
Coninmed. 

Color  with 

Dlatllled 

Water. 

Effect 
of  SoUi  on 

Color  of 
Cochltaate 

Water  of 
Color  0.55. 

la.   Surface  to  2  in.  below,     . 

0.0848 

0.1107 

0.1014 

2.2368 

NotdetM. 

Not  det'd. 

U.   2  In.  to  4  in.  below  anrface,     . 

0.0424 

0.0084 

0.1487 

2.0887 

<• 

If 

le.    4  In.  to  6  in.  below  enrfaoe,      . 

0.0817 

0.0018 

0.1538 

2.5290 

M 

<t 

U.  6  in.  to  0  in.  below  enrfkee,     . 

0.0817 

0.0850 

0.0881 

0.9788 

li 

If 

Ic.   •  in.  to  14  In.  below  enrfaoe,    . 

0.0212 

0.0076 

0.0351 

0.4947 

•( 

fi 

1/    14in.  to20in.  belowrarface,  . 

0.0104 

0.0076 

0.0189 

0.2515 

(• 

If 

1^.  3  feet  below  anrfaee, 

0.0229 

0.0874 

0.0105 

0.2768 

!• 

ff 
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Series  2. 

From  a  very  Steep  Slope  Oneniuarter  Mile  below  Clarendon  MUU^  West  Boylston, 
Not  wooded  or  cultivated.  Samples  taken  from  Surface  to  Three  Feet  below 
Surface.    All  Samples  dried  at  100°  C, 


Loss 
on  Ignition. 

(Per  Cent.) 

Carbon. 
(Per  Cent) 

Nitrogen. 
(Per  Cent ) 

Batlo. 

e 

n 
1 

2a.    Surface  to  2  In.  below, 

4.56 

2.26 

0.14 

16.1 

2b.    2  In.  to  4  Id.  below  surface, 

10.19 

5.00 

0.27 

18.5 

2c.    4  In.  to  7  in.  below  sarface, 

7.62 

2.52 

0.36 

7.0 

2(2.    7  in.  to  10  In.  below  surface. 

7.70 

2.08 

0.21 

14.0 

2e,    10  In.  to  16  In.  below  surface,     . 

1.01 

0.18 

0.05 

8.6 

2/.     16  in.  to  22  in.  below  surface, 

1.63 

0.24 

0.13 

1.8 

2g.    3  feet  below  surface,   . 

0.80 

0.28 

0.03 

7.7 

Sanitary  Analysis  of  Water  tvith  which  the  Soils  had  been  treated  as  described. 

[Parte  per  100,000.] 


Free 

Ammonia. 


Free 
Ammonia 

aAer 

Standing 

One  Week. 


Albomlnold 
Ammonia. 


Oxygen 
Consumed. 


Colorwlth 

Distilled 

Water. 


Etfett 
of  Soils  on 

Color  of 
Cochltoata 

Water  of 
Color  0.^ 


2a.  Surface  to  2  in.  below,     . 

2d.  2  in.  to  4  in.  below  surface, 

2c.  4  In.  to  7  In.  below  surface, 

2d.  7  in.  to  10  in.  below  surface, 

2e.  10  in.'  to  16  in.  below  surface, 

^.  16  in.  to  22  in.  below  surface, 

2ff,  8  feet  below  surface,        . 


0.0840 

0.0660 

0.0227 

0.1215 

0.0227 

0.0385 

0.0178 

0.0062 

0.0307 

0.0180 

0.0100 

0.0000 

0.0828 

0.0218 

0.0852 
0.1872 
0.1261 
0.1840 
0.0205 
0.0106 
0.0267 


1.4732 
2.8334 
2.8002 
8.6045 
0.5428 
0.4560 
0.8756 


0.40 
0.48 
0.85 
0.52 
0.15 

0.00 


0.00 
1.00 
0.85 
0.65 
0.70 

0.45 
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Series  3. 

From  Pasture  Land  One  Mile  North  of  South  Clinton  Station,  Sandy  and  Gravelly 
and  Nearly  Leveh  Samples  taken  from  Surface  to  Three  Feet  below  Surfa^. 
All  Samples  dried  at  lOO'C. 


Losi 
<m  Ignition. 

(Percent.) 

Carbon. 
(Per  Cent) 

Nitrogen. 
(Per  Cent.) 

Batlo. 
c 

ft 

la.  Bnrface  to  2  In.  below.        .... 

T.86 

8.61 

0.27 

13.0 

S6.  S  In.  to  4  In.  below  •nrface, 

5.86 

2.18 

0.24 

0.1 

Sc.   4  in.  to  0  In.  below  surface. 

4.93 

2.28 

0.20 

11.4 

3tf .  6  In.  to  11  in.  below  •urfaoe. 

1.78 

0.50 

0.03 

16.7 

Se.    11  in.  to  16  In.  below  surface,     . 

1.48 

0.18 

0.04 

8.8 

S/    16  In.  to  86  In.  below  enrf ace,     . 

0.81 

0.02 

0.02 

1.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Pnrts  per  100,000.] 


Free 

Ammonia. 


Free 
Ammonia 

after 

Standing 

One  Week. 


Albuminoid 
Ammonia. 


Oxygen 
Coneamed. 


Color  with 

Dlatnicd 

Water. 


Effect 
of  Soils  on 

Color  of 
Cochltoate 

Water  of 
Color  0.65. 


>e.  Surface  to  2  in.  below,     . 

36.  2  In.  to  4  in.  below  surface,     . 

Sc.  4  In.  to  6  in.  below  surface, 

U.  6  In.  to  11  In.  below  sorfaee,    . 

Sc<  11  In.  to  16  in.  below  snrfaoe,  . 

V*  16  In.  to  86  in.  below  surface,  . 


0.0841 

0.0541 

0.0457 

0.0608 

0.0657 

0.0745 

0.0427 

0.0188 

0.0400 

0.0200 

0.0214 

0.0121 

0.1540 
0.1041 
0.0888 
0.0321 
0.0125 
0.0067 


1.4423 

0.30 

1.4855 

0.22 

1.2000 

0.15 

0.4861 

0.12 

0.1689 

0.00 

0.1000 

0.00 

0.60 
0.65 
0.60 
0.50 
0.18 
0.88 
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Series  4. 

Fr(ym,  a  very  Steepy  Clayey  Hillside  near  Site  of  Proposed  Dam,    Bampks  taken 
Jrom  Surface  to  Three  Feet  below  Surface.    All  Samples  dried  at  10(PC, 


Lo«i 
on  Ignition. 

(Per  C«nt) 

Carbon. 
(Per  Cent) 

Nitrogen. 
(Per  Cent) 

Bstto. 

f 

H 

4a.    Surface  to  2  in.  beloir,        .... 

17.70 

8.19 

0.&8 

14.6 

4b,    2  in.  to  4  in.  below  surface. 

11.04 

Q.86 

0.88 

15.4 

4e.    4  in.  to  6  in.  below  surface, 

8.65 

4.81 

0.12 

85.9 

4<f.    0  in.  to  11  in.  below  surface, 

4.04 

1.28 

0.05 

S5.S 

46.    11  in.  to  10  in.  below  surface,     . 

2.80 

0.47 

O.OS 

15.T 

4/,    8  feet  below  surface, 

1.78 

0.10 

0.01 

10.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[Parte  per  100,000.] 


Fr«e 
Ammonia. 


Free 
Ammonia 

after 

Stending 

One  Week. 


Albnmfnoid 
Ammonia. 


Oxygen 
Consumed. 


Color  wttb 

DtaifUcd 

Water. 


Effrct 

of  Soils  oa 

Or>l4M-of 

OKhttnate 

Color  OiS. 


4a.  Surface  to  2  in.  below, 

4^^.  2  in.  to  4  in.  below  surface, 

4c.  4  in.  to  8  in.  below  surface, 

4d,  8  in.  to  11  in.  below  surface, 

4e,  11  in.  to  16  in.  below  surface, 

V'*  8  '®<)t  below  surface. 


0.0622 
0.2581 
0.0454 
0.0071 
0.0077 
0.0138 


0.3555 
0.4749 
0.1513 
0.0287 
0.0154 
0.0002 


0.4240 
0.8032 
0.1088 
0.0542 
0.0360 
0.0155 


7.73S8 

0.80 

8.0323 

0.30 

4.2822 

0.48 

1.0422 

0.32 

0.5427 

0.12 

0.8000 

0.40 

0.75 
0.75 
O.80 
0.55 
0.55 
O.TO 
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Series  5. 

From  Level  P<i8ture  Land  near  River ^  Half  a  Mile  East  of  Boylston  Station,  Silt 
Fannaiion.  Samples  taken  from  Surface  to  Three  Feet  Six  Inches  below 
Surface.    All  Samples  dried  at  10(P  C. 


Losi 
on  Ixnltlon. 

(Per  Cent.) 

Carbon. 
(Per  Cent.) 

Nitrogen. 
(Per  Cent) 

BaUo. 

e 
n 

to.   Baiface  to  2  io.  beloir,        .... 

9.40 

4.19 

0.48 

9.7 

56.    2  iD.  to  4  In.  beloir  sarfacoi 

8.04 

1.88 

0.15 

8.0 

Sc.    4  la.  to  7  In.  beloir  sarfaoe, 

8.04 

1.02 

0.11 

9.8 

M.   7  la.  to  10  in.  below  snrfaoe. 

2.12 

0.63 

0.10 

6.8 

U.   10  In.  to  15  In.  below  •nrfaee,     . 

2.51 

0.73 

0.09 

8.1 

5/.   Id  In.  to  20  In.  below  anrfaoe,     . 

0.88 

0.16 

0.08 

6.3 

i^.  8  ft.  6  In.  below  snrfoce,      .... 

1.00 

0.21 

0.02 

10.5 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described. 

[ParU  per  100,000.] 


Free 
Ammonia. 


Free 
Ammonia 

after 

StandlnR 

One  Week. 


Albamlnold 
Ammonia. 


Oxygen 
Consumed. 


Color  with 

DtitlUed 

Water. 


te.  Sorfaoe  to  2  In.  below,     . 

56.  2  la.  to  4  in.  below  sarftiee,     . 

ic.  4  In.  to  7  in.  below  snrface,     . 

5i.  7  in.  to  10  In.  below  snrface,    . 

k.  10  In.  to  15  in.  below  enrface,  . 

V-  15  In.  to  20  In.  below  mrfaeei  . 

h-  3  ft.  8  In.  below  snrftiee,  . 


0.0340 

0.2573 

0.0533 

0.0195 

0.0380 

0.0009 

0.0166 

0.0325 

0.0182 

0.0117 

0.0188 

0.0041 

0.0295 

0.0538 

0.5556 
0.0636 
0.0670 
0.0316 
0.0519 
0.0199 
0.0116 


Effect 
of  Bolls  on 

Color  of 
Cochltaate 

Wster  of 
Color  0.55. 


2.7619 

0.20 

1.5876 

0.20 

0.8444 

0.20 

0.2882 

0.20 

0.6127 

0.25 

0.2726 

0.00 

0.2036 

0.06 

0.70 
0.65 
0.70 
0.60 
0.70 
0.45 
0.50 
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Series  6. 

From  Three-quarters  of  a  MUe  West  of  BoylsUm  Centre  on  Wooded  Hillside  East  of 
Muddy  Brook.  Samples  taken  from  Surface  to  Three  Feet  below  Surface,  All 
Samples  dried  at  10(P  C. 


Loaa 
on  Ignition. 

(Per  Cent) 

(Percent) 

Nitrogen* 
(Per  (Sent) 

Ratto. 

n 

6a.    Sarfftoe  to  2  in.  below 

0.60 

8.08 

0.11 

81.2 

66.    2  In.  to  4  io.  below  rarfaoo. 

4.81 

1.80 

0.04 

82.5 

6c.    4  In.  to  7  In.  below  snrfaoe. 

4.06 

0.01 

0.11 

8.S 

6<i.    7  in.  to  10  in.  bflow  anrfftce, 

2.88 

0.60 

0.02 

U.5 

60.    10  in.  to  16  in.  below  anrfaoe,     . 

2.50 

0.80 

0.02 

15.0 

^.    8  ft.  below  snrfaee, 

1.77 

0.16 

0.01 

16.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described, 

[Peru  per  100,000.] 


Free 
Ammonia. 

Free 
Ammonia 

after 

Standing 

One  Weel. 

Albamlndd 
Ammonia. 

Oxygen 
Oontomed. 

Oolorwllh 
liUtllled 
Water. 

Elkct 
oritoUaoa 

Color  of 
Codiltaate 

Water  of 
Color  0J5. 

6a.    Surface  to  2  In.  below,     . 

0.0800 

0.2021 

0.4726 

7.0000 

0.60 

1.00 

66.    2  In.  to  4  in.  below  aurfaoe,     . 

0.0802 

0.0574 

0.0770 

1.5740 

0.80 

0.70 

6c.    4  in.  to  7  in.  below  surface,     . 

0.0361 

0.0828 

0.0610 

1.0077 

0.38 

0.60 

td,    7  in.  to  10  In.  below  aurfece,    . 

0.0200 

0.0116 

0.0248 

0.8368 

0.10 

0.58 

6«.    10  in.  to  16  in.  below  aurfaoe,  . 

0.0840 

0.0142 

0.0288 

0.6060 

0.20 

0.55 

(I/.    8  ft.  below  aurfaoe,  .       . 

0.0142 

0.0077 

0:0110 

0.1478 

0.00 

0.10 
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Series  7. 

Frmt  Swamp  ai  Head  of  Boyhton  Millpond,  about  Three-quarters  of  a  Mile  above 
Boylston  Station.  Samples  taken  from  Surface  to  Three  Feet  Three  Inches 
behw  Surface,    All  Samples  dried  at  10(P  C, 


t 

Loes 
on  Ignition. 

(Per  Cent) 

Carbon. 
(Per  Cent.) 

Mitrofen. 
(Percent) 

Ratio. 

c 
n 

7a.  Bnrfaee  to  3  In.  ImIow, 

22.81 

12.68 

0.06 

18.0 

n.    3  In.  to  4  In.  below  forfaee,        • 

24.00 

18.06 

0.64 

24.2 

7e.    4  In.  to  8  In.  below  nirfaoe, 

17.12 

8.76 

0.86 

10.2 

7d.   8  in.  to  13  In.  below  anrfaoe, 

9.14 

8.96 

0.81 

18.9 

7c.    12  in.  to  31  In.  below  anrfaoe,    . 

8.08 

1.44 

0.09 

16.0 

If.    21  In.  to  88  in.  below  raxfaoe,     . 

1.08 

0.61 

0.04 

12.8 

7^.   88  In.  below  aurf^bee,   . 

0.86 

0.06 

0.00 

0.0 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described, 

[Parta  per  100,000.] 


Free 
Ammonia. 

Free 
Ammonia 

aAer 

Standing 

One  Week. 

AJbaminold 
Ammonia. 

Oxjien 
Conramed. 

Colorwith 

Distilled 

Water. 

Effect 
of  SoUi  on 

Color  of 
Cochltuate 

Water  of 
Color  0.66. 

7a.   Snrface  to  8  In.  below,     • 

0.1860 

0.4000 

0.4970 

6.4000 

0.40 

0.70 

1ft.    3  la.  to  4  In.  bekrw  anrfaoe,     . 

0.1486 

0.6429 

0.4486 

7.4286 

0.60 

0.90 

Tc    4to.to8ln.belovMullMe,     . 

0.1860 

0.8440 

0.4970 

4.6000 

0.12 

0.66 

Id.  8  In.  to  12  In.  below  anrfaee,    . 

0.0274 

0.0709 

0.0987 

2.7429 

0.60 

1.00 

T«.    13  In.  to  31  In.  below  enrface,  . 

0.0806 

0.0267 

0.0488 

1.0867 

0.80 

0.70 

?/.    31  In.  to  88  In.  below  mrfaoe, . 

0.0178 

0.0220 

0.0602 

0.8471 

0.10 

0.66 

7f.    88  In.  below  snrface, 

0.0179 

0.0246 

0.0080 

0.1866 

0.02 

0.46 
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Series  8. 

From  Bottom  of  OakdaU  Millpond  from  Depths  of  Three  to  Twelve  Feet.    AU 

Samples  dried  at  100^ C. 


LOM 

on  Ignition. 
(Per  Gent.) 

Carbon. 
(Per  Gent) 

17ltrag8n. 
(PerOnL) 

Batio 

c 
n 

8a.    Near  bead  in  8  ft.  of  water,         .       . 

0.91 

0.07 

0.01 

7.0 

86.    1  mile  below  head  in  6  ft.  of  water,    .... 

0.11 

0.06 

0.00 

0.0 

8c.    i  mile  below  head  in  7  ft.  of  water,    .... 

10.16 

4.10 

0.86 

11.4 

Sd.   I  mile  from  head  in  9  ft.  of  water,      .... 

10.46 

4.17 

0.85 

11.9 

8«.    600  ft.  above  W.  ft  N.  B.B.  in  12  ft.  of  water,  . 

14.76 

6.66 

0.68 

13.4 

^.    600  ft.  below  W.  ft  N.  R.R.  in  12  ft.  of  water,  . 

4.72 

2.16 

0.16 

14.6 

Sanitary  Analysis  of  Water  wUh  which  the  Soils  had  been  treated  as  described, 

[Parta  per  100,000.] 


Effect 

Free 
Ammonia. 

Free 
Ammonia 

after 

Standing 

One  Week. 

Albnmlnold 
Ammonia. 

Oxygen 
Oonsamed. 

Color  with 

Distilled 

Water. 

ofSollaoo 
Color  of 

Water  of 

Color  0J&. 

8a. 

Near  head  In  8  ft.  of  water. 

• 

0.0186 

0.0121 

0.0261 

0.2224 

0.01 

o.» 

8&. 

i  mile  below  head  in  6  ft. 
water. 

of 

0.0162 

0.0027 

0.0144 

0.1854 

0.00 

o.m 

8c. 

i  mile  below  head  in  7  ft. 
water. 

of 

0.2100 

0.2000 

0.2042 

8.1408 

0.60 

0.90 

8d. 

i  mile  from  head  in  0  ft. 
water. 

of 

0.1707 

0.2240 

0.2227 

8.8600 

0.60 

0.70 

8?. 

600  ft.  above  W.  ft  N.  R.R. 
12  ft.  of  water. 

in 

0.1943 

0.2286 

0.1888 

2.7600 

0.80 

0.76 

8/. 

600  ft.  below  W.  ft  N.  R.R. 
12  ft.  of  water. 

in 

0.1108 

0.0866 

0.0790 

1.8707 

0.66 

0.85 
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Series  9. 

From  Pasture  Land  about  One  and  One-quarter  Miles  below  West  Boylstony  on 
South  Side  of  BaHroad,  which  had  never  been  cultivated.  Samples  taken 
from  Surface  to  Twenty  Inches  below  Surface.    Samples  dried  at  lOCPC* 


Moistnre. 
(Percent) 

Loii  on 
Ignition. 

(Percent) 

Hydrogen. 
(Percent) 

Carbon. 
(Percent) 

Nitrogen. 
(Percent) 

Katie, 
c 
n 

9a.  Sarfaoe  to  3  In.  below,    . 

81.18 

19.80 

1.46 

11.02 

0.66 

18.06 

».  2  In.  to  4  in.  below 

20.17 

11.52 

0.66 

6.82 

0.48 

11.08 

9c.  4  in.  to  7  In.  below,  .       •       .       . 

26.17 

8.87 

0.62 

8.66 

0.26 

13.69 

M.  7  in.  to  10  in.  below,        , 

26.19 

6.16 

0.42 

1.88 

0.08 

46.00 

9e.   10  In.  to  1ft  in.  below,      . 

22.65 

8.16 

0.81 

0.87 

0.06 

14.50 

9/.   U  In.  to  20  in.  below,      . 

18.47 

2.48 

0.22 

0.86 

0.08 

10.63 

Sanitary  Analysis  of  Water  uHth  which  the  Soils  had  been  treated  as  described. 

[Pftrte  per  100,000.] 


Fbxb  Ammoxia. 

ALBUMiMoin  Am-    i 

IIOMIA.. 

OXTGBX  COMSUVBD. 

COLOS. 

After 

After 

After 

After 

After 

After 

After 

After 

S 

1 

a 

1 

S 

1 

S 

1 

Dayi. 

Week. 

Days. 

Week. 

Dayi. 

Week. 

Day*. 

Week. 

•a,      .       .       . 

0.0006 

0.0024 

0.0680 

0.1486 

1.8880 

2.1840 

1.16 

1.50 

96,       .        .       . 

0.0066 

O.O0O8 

0.0254 

0.0228 

0.8006 

0.4868 

0.16 

0.25 

»c,       .        .        . 

0.0040 

0.0072 

0.0188 

0.0180 

0.1170 

0.1826 

0.04 

0.10 

M.       .        .        . 

0.0016 

0.0048 

0.0066 

0.0078 

0.0429 

0.0702 

0.00 

0.00 

»«.... 

O.0OQ6 

0.0104 

0.0066 

0.0072 

0.0156 

0.0686 

0.00 

0.00 

9/.        .        .        . 

0.0048 

0.0016 

0.0060 

0.0052 

0.0196 

0.0624 

0.00 

0.00 
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Series  10. 

From  Land  recently  cleared  of  Good-sized  Timber  and  never  cuUivaled^  about 
Midway  between  Boylston  and  South  Clinton,  South  Side  of  Valley.  Samples 
UMn  from  Surface  to  Two  Feel  Six  Inches  below.    Dried  at  100°C. 


» 

MoUtnre. 
(Percent.) 

Lotion 
Ignition. 

(Percent) 

Hydrogen. 
(Per  Gent.) 

Oexbon. 
(Percent) 

Nitrogen. 
(Percent) 

Batlo. 
e 

n 

10a.    Snrfaee  to  2  in.  below,  . 

02.87 

26.66 

1.02 

18.07 

0.04 

19.12 

10&.    2  In.  to  4  In.  belowi 

54.26 

10.68 

1.16 

10.47 

0.68 

18.02 

lOe.    4  in.  to  7  tn.  belowi 

44.28 

11.12 

0.68 

6.60 

0.8S 

17.eB 

lOd.    7  in.  to  IS  in.  below,      . 

82.21 

8.40 

0.84 

1.64 

0.20 

7.70 

10«.    12  in.  to  17  in.  below.     . 

20.67 

2.86 

0.28 

0.86 

0.81 

2.74 

W.    2  ft.  6  in.  below 

17.60 

0.62 

0.05 

0.04 

O.U 

0.86 

Sanitary  Analysis  of  Water  with  which  the  Soils  had  been  treated  as  described 

[Peru  per  100,000.] 


Fbu  Ammovia. 

Albumimoid  Ax- 

MOKIiL. 

OXTOBM  COVSUMXD. 

COLOB. 

After 

After 

After 

After 

After 

After 

After 

Aft« 

S 

1 

S 

1 

S 

1 

S 

1 

Daji. 

Week. 

Dayt. 

Week. 

Deja. 

Week. 

Beje. 

Week. 

10a,     ..       . 

0.0660 

0.0384 

0.0002 

o.iiad" 

4.0660 

6.8180 

- 

7.60 

106,     ..       . 

0.0282 

0.0224 

0.0882 

0.0820 

0.8070 

1.0267 

0.80 

4.60 

10c,     ..       . 

0.0064 

0.0082 

0.0264 

0.0208 

0.5144 

0.6612 

0.80 

1.00 

lOd,     .       .       . 

0.0066 

0.0024 

0.0240 

0.0264 

0.2440 

0.6448 

0.80 

1.20 

10*?.... 

0.0066 

0.0072 

0.0738 

0.0486 

0.1684 

1.8280 

0.06 

1.00 

IV.      .        .        . 

0.0006 

0.0024 

1 

0.0074 

0.0066 

0.0864 

0.1006 

0.08 

0.12 
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Purification  of  Sewage  and  Water 


▲T  TBB 


liAWBENCE  EXPERIMENT  STATION, 


DUBING  THB  YeAB  1893. 


[m] 


EXPERIMENTS  UPON  THE  PUEIFICATION  OF  SEWAGE  AND 
WATER  AT  THE  LAWRENCE  EXPERIMENT  STATION.* 


Bj  Geobqe  W.  Fuller,  fiiologist  in  Charge. 


The  year  1893  is  the  sixth  that  the  experimental  work  of  the  Law- 
rence Experiment  Station  has  been  continued.  The  work  is  carried 
on  under  the  general  supervision  of  Hiram  F.  Mills,  A.M.,  C.E.,  a 
member  of  the  State  Board  of  Health.  Mr.  Allen  Hazen,  chemist, 
was  in  direct  charge  of  the  station  until  March  1, 1893,  when  he  was 
given  a  leave  of  absence  and  accepted  the  position  of  chemist  to  the 
Department  of  Water  Supply  and  Sewerage  of  the  World's  (Columbian 
Exposition.  The  writer,  who  had  previously  been  in  charge  of  the 
biological  department,  succeeded  Mr.  Hazen  in  charge  of  the  station. 
Mr.  Harry  W.  Clark  is  chemist,  and  Mr.  F.  L.  Fales  has  compiled 
the  records  and  prepared  the  tables  showing  the  results  of  the  work. 
Messrs.  W.  R.  Copeland  and  Louis  Weinberg  are  assistant  biologists 
and  Mr.  F.  B.  Forbes  is  assistant  chemist.  Professors  T.  M.  Drown 
and  W.  T.  Sedgwick  of  the  Massachusetts  Institute  of  Technology 
are,  respectively,  consulting  chemist  and  biologist,  having  a  general 
oversight  of  the  chemical  and  biological  investigations. 

The  year  has  been  an  important  one  in  the  history  of  the  experi- 
mental sewage  filters,  in  that  the  results  of  earlier  investigations 
have  been  confirmed  and  additional  knowledge  has  been  obtained  as 
to  the  management  necessary  to  maintain  the  continuous  efficiency 
of  such  filters. 

The  process  of  purification  of  sewage  by  intermittent  filtration 
consists  of  intermingling  the  sewage  in  the  pores  of  the  filtering 
material  with  sufficient  air,  for  a  sufficient  time,  in  the  presence  of 
micro-organisms  which  quickly  establish  themselves  there. 

*  A  foil  aocoont  of  the  work  done  at  the  Lawrence  Experiment  Station  for  the  yean  1888  and 
1889  is  ecmtalned  in  a  Special  Report  of  the  State  Board  of  Health  npon  the  Pnriflcation  of  Sew* 
a^  and  Water,  1890.  A  similar  acoonnt  for  the  years  1890  and  1891  is  contained  in  the  Twenty- 
third  Annual  Report  of  the  Board  for  the  year  1891,  and  for  the  year  1892  In  the  Twenty-fonrth 
Annoal  Report  of  the  Board  for  that  year. 
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Sewage  filters  resemble  complex  living  organisms,  in  that  venti- 
lation and  respiration  must  be  maintained,  otherwise  their  functions 
are  interrupted  and  their  lives  as  filters  come  to  an  end. 

When  sewage  passes  through  a  filter  a  portion  of  the  insoluble 
matter  or  sludge  is  deposited  upon  or  near  the  surface.  The  result, 
eventually,  unless  preventive  measures  are  adopted,  is  a  clogging  at 
the  surface,  which,  owing  to  interrupted  ventilation,  causes  a  deteri- 
oration in  the  quality  of  the  effluent,  and  subsequently,  owing  to  the 
increased  capillary  attraction  and  frictional  resistance  to  the  passage 
of  sewage,  a  reduction  in  the  quantitative  efficiency  of  the  filter. 
The  amount  of  sludge  in  sewage  varies,  but,  unless  care  is  taken, 
any  sewage  will  in  time  clog  any  ordinary  filter.  In  the  Annual 
Beport  of  the  Board  for  1892  it  was  stated  that  when  other  conditions 
are  the  same,  the  clogging  is  proportional  to  the  sludge  carried  in 
the  applied  sewage.  It  is  of  importance  therefore  to  consider  not 
only  the  filtering  materials  but  also  the  applied  sewage  in  order  to 
learn  its  average  strength  and  the  limits  in  strength  between  which 
it  varies. 

Charaoter  of  the  Sewage. 

The  sewage  used  at  the  Experiment  Station  is  pumped  through  a 
two  and  one-half  inch  pipe,  4,300  feet  long,  from  a  sewer  which 
drains  the  streets,  houses  and  stores  of  the  most  densely  populated 
sections  of  the  city  of  Lawrence. 

Samples  of  Sewage  for  Analysis. 

Samples  of  sewage  have  been  regularly  collected  for  analysis  as 
follows :  — 

1.  Begular  Sewage.  On  at  least  four  days  in  a  week  a  gallon 
bottle  has  been  filled  from  a  large  tank  of  sewage.  While  the 
sample  was  intended  to  be  as  far  as  possible  a  representative  one,  it 
necessarily  represented  accurately  only  a  small  fraction  of  the  total 
amount  of  sewage  used ;  and  there  is  also  considerable  difficulty  in 
mixing  several  hundred  gallons  of  sewage  so  as  to  get  a  sample  with 
its  proper  share  of  suspended  matter. 

2.  Average  Sewage.  On  one  day  each  week  (Tuesday) ,  a  sample 
has  been  taken  by  collecting  directly  from  the  pump  (without  allow- 
ing any  opportunity  for  sedimentation) ,  quantities  of  sewage  proper- 
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tional  to  the  amount  of  each  lot  of  sewage  pumped  during  the  day. 
The  average  results  from  numerous  samples  collected  in  this  manner 
give  satisfactorily  the  average  composition  of  all  sewage  applied  to 
the  filters. 

3.  Sewage  for  FtUera  Nbs.  i,  6  and  9A.  In  order  to  learn  the 
variations  in  strength  of  sewage  at  different  times  of  the  day  and  to 
obtain  more  accurate  data  upon  the  storage  of  organic  matter  in  the 
filters  there  have  been  collected  weekly  three  mixed  samples  repre- 
senting each  dose  applied  during  the  week  to  Filters  Nos.  1,  6  and 
9A,  respectively.  In  order  to  keep  the  samples  for  one  week  without 
putrefaction  and  decomposition,  a  small  amount  of  mercuric  acetate 
was  placed  in  the  bottle. 


Monthly  Averages  of  Analyees  of  Regular  Sewage  Samples. 

[ParU  par  100,000.] 


MOHTH—l 


rebnmj, 
MftRh, 
April,. 
lUj,   . 


OolobCT, 

Voftaibtr« 


I 


2.44 
2.41 
t.02 
2.42 
2.28 
2.54 
S.02 
2.82 
2.76 
8.07 
8.28 
8.18 


2.68 


ALBUMMOm  AXMOItlA. 


.88 
.88 
.64 
.88 
.61 
.68 
.68 
.46 
.47 
.61 
.71 
.70 


.68 


i 


.41 
.87 
.84 
.86 
.80 
.28 
.82 


.26 


.88 


.81 


.42 
.81 
.80 
.48 
.21 
.26 
.81 


.86 
.42 
.87 


.82 


8.28 
6.08 
6.06 
6.67 
6.68 

11.87 
8.71 

10.66 
9.02 

10.72 

10.70 
6.20 


8.67 


4.08 
4.88 
4.16 
4.16 
2.82 
2.68 
2.72 
2.68 
2.44 
2.02 
4.20 
8.61 


8.46 


i 


8.0 
2.4 
8.8 
1.7 
2.6 


j 

i 


1,104»000 
086,000 
007,000 

1,100,000 
766,000 
774,000 
864,000 
066,00q 
686,000 

1,126,000 

1,000,000 
861,000 


028,000 


*1»  ftUof  tlM 
Btinitti. 


LftwraiM  analyiM  the  ozygwi  eoncaffled  hM  bMn  detonniMd  after  boUing  two 


The  above  analyses  represent  four  samples  each  week  taken  from 
ooe  of  the  sewage  tanks,  usually  in  the  morning,  and  the  results  are 
directly  comparable  with  the  analyses  published  for  previous  years. 


404 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Monthly  Averaget  oj  Analytet  of  Average  Sewage  Samples. 

[PaiU  p«r  100.gOO.] 


1 

Albomivoid  Ammomia. 

Chlorine. 

• 

1 

o 

MoirrB— ISM* 

1 

1 

■ 

1 

a 

• 

3 

JaDDsry 

2.41 

.19 

.87 

.42 

6.09 

4.46 

Febraary, 

2.86 

.75 

.48 

.32 

5.78 

4.10 

- 

ICareh,     .       . 

1.86 

.62 

.88 

.24 

4.88 

8.50 

• 

April, 

2.89 

.70 

.88 

.87 

5.56 

8.55 

. 

Mmy.        .       . 

2.80 

.66 

.80 

.85 

6.28 

2.90 

. 

Jooe, 

2.86 

.68 

.82 

.81 

11.80 

8.02 

m 

July, 

8.41 

.« 

.29 

.86 

9.06 

2.96 

4.1 

August,    . 

8.70 

.65 

.28 

.87 

7.88 

8.27 

3.0 

September, 

8.80 

.70 

.81 

.89 

6.72 

8.42 

&.B 

October,  . 

8.77 

.85 

.88 

.47 

6.80 

8.88 

5.5 

November, 

4.05 

.95 

.48 

.47 

7.75 

4.55 

5.9 

December, 

8.85 

.98 

.41 

.52 

7.05 

4.02 

5.7 

Average*, . 

>                4 

t                 1 

>                1 

>                 • 

8.07 

.74 

.86 

.88 

7.15 

8.63 

- 

The  above  analyses  represent  average  samples  of  all  the  sewage 
pumped  during  the  day  for  each  Tuesday  of  the  year. 


Monthly  Averages  of  Mixed  Samples^  representing  all  of  (he  Sewage  applied  to 

Filters  Nos.  1,  6  and  9  A. 

[ParU  per  100,000.] 


FuB  Ammonia. 

ALBUMmOlO 

ammokia. 

OXTOBV 
COHSDMiCD. 

CULOBIKB. 

1 

Fats. 

■ 

• 

• 

< 

• 

• 

< 

• 

< 

• 

• 

< 

• 

9fOKTH-lS»S. 

fM 

^4 

«D 

e» 

f-i 

«D 

at 

«D 

» 

i  r 

e 

o 

6 

o 

O 

6 

P 

6 

6 

» 

6 

c> 

'      0 

^ 

^ 

aq 

^ 

^ 

»Q 

it; 

aq 

i^ 

9i 

^ 

» 

a 

1 

1 

I 

S 

t 

t 

s 

I 

i 

i 

§ 

u 

s 

i 

s 

e 

s 

g 

g 

s 

s 

g 

c 

g 

a 

% 

January,   . 

1.50 

2.47 

1.55 

.57 

.76 

.52 

8.40 

4.45 

8.80 

4.48 

7.79 

1 
4.77 

4.4 

February, . 

2.10 

2.19 

1.00 

.64 

.81 

.59 

3.40 

4.02 

8.67 

0.41 

5.04 

6.04 

5.0 

March,       . 

1.85 

2.84 

1.96 

.46 

.61 

.48 

4.00 

4.50 

4.00 

5.72 

5.01 

7.14 

,    S.3 

April, 

1.94 

2.54 

2.06 

.57 

.73 

.63 

2.82 

3.72 

3.02 

6.02 

5.58 

5.67 

2.4 
4.6 

May,  .       .       . 

2.42 

2.39 

2.47 

.61 

.43 

.62 

2.72 

3.07 

8.00 

6.14 

6.26 

6.07 

June,  • 

2.71 

2.58 

2.84 

.68 

.64 

.61 

3.02 

3.70 

8.20 

8.17 

7.45 

0.70 

S.4 

July,  . 

8.81 

2.76 

8.52 

.72 

.78 

.88 

3.22 

3.52 

8.82 

0.08 

12.60 

8.83 

1    8.T 

Aniruet.     •       • 
September,        . 

2.79 

3.40 

3.15 

.66 

.67 

.51 

3.30 

3.97 

2.87 

10.03 

0.18 

9.54 

5.9 

8.56 

8.91 

8.35 

.77 

.77 

.60 

8.06 

3.84 

8.88 

8.06 

7.20 

7.44 

7.5 

October,    . 

8.79 

4.20 

4.26 

.82 

.89 

.87 

4.87 

7.37 

4.22 

7.50 

7.46 

10.01 

6.6 

November, 

8.97 

8.84 

4.26 

.88 

.70 

1.00 

4.72 

5.25 

5.05 

7.43 

6.88 

6.56 

6.8 

December,        . 

8.04 

8.75 

8.22 

.82 

.95 

.88 

4.40 

5.57 

8.9-2 

6.75 

7.45 

6.08 

S.3 

Averages,  . 

2.75 

8.04 

2.88 

.68 

.72 

.60 

8.61 

4.40 

8.62 

7.81 

7.47 

7.80 

4.5 

With  regard  to  the  comparison  of  the  results  with  each  other  it  is 
to  be  mentioned  that  the  sewage  for  Filter  No.  1  was  all  pumped 
late  in  the  afternoon  during  the  cold  months,  December  to  April, 
inclusive ;  in  May  and  June  it  was  pumped  earl}'^  in  the  mornings 
and  during  the  rest  of  the  year  part  in  the  early  morning  and  tiie 
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remainder  in  the  afternoon.  Sewage  for  Filter  No.  6  was  regularly 
pumped  in  the  middle  of  the  day.  In  the  case  of  Filter  No.  9  A 
the  sewage  was  pumped  late  in  the  afternoon  during  the  cold  months, 
December  to  April,  inclusive,  and  early  in  the  morning  during  the 
remainder  of  the  year.  The  results  are  comparable  with  corre- 
sponding results  obtained  in  1892. 


MonOUy  Averages  of  Supernatant  Liquid  from  Sewage  settled  with  Alum  for 

FiUers  Nos.  19  and  32. 

[ParU  per  100,000.] 


Free 

AmmonlA. 

Albuminoid  AMMOMiii. 

Chlorine. 

• 

y 

i 

Bacteria    per 
Cubic  Centi- 
meter. 

MONTH— IMS. 

H 

1 

1 

Jaoviurjr,*  . 

2.16 

.88 

.27 

.11 

5.40 

2.70 

. 

260,000 

February,   . 

1.97 

.20 

.19 

.07 

6.60 

2.72 

.2 

77,600 

Maieh,        .       . 

1.91 

.28 

.21 

.07 

6.48 

2.82 

.7 

81,000 

AprU. .       . 

2.24 

.27 

.22 

.06 

6.67 

1.88 

.6 

20.000 

May.   .       .       , 

2.29 

.28 

.18 

.10 

5.99 

1.52 

1.8 

68,000 

Jane,  . 

2.84 

.82 

.20 

.12 

9.86 

1.62 

- 

460,000 

Jaly.  .     . 

8.27 

.84 

.23 

.11 

7.66 

1.60 

1.6 

280,000 

August,      . 

2.48 

.24 

.17 

.07 

7.78 

1.86 

.8 

50,000 

6eptemb«r, 

2.80 

.27 

.20 

.07 

11.78 

1.50 

1.1 

68,000 

Ociober,      . 

2.04 

.27 

.18 

.09 

6.98 

1.47 

8.8 

815,000 

KoTembor, . 

8.04 

.82 

.24 

.08 

18.72 

2.06 

1.7 

87,000 

December, . 

8.29 

.84 

.24 

.10 

6.74 

1.92 

.9 

187,000 

ATCiafce, 

2.54 

.80 

.21 

.09 

8.10 

1.88 

1.2 

146,000 

*  The^iewage  waa  not  treated  in  thia  manner  January  1  to  20;  the  resulta  for  thia  month  given  in 
tbe  uble  repreaeot  the  analyaea  of  January  21  to  81. 

The  above  analyses  represent  the  supernatant  liquid  after  the 
sewage  represented  by  the  regular  samples  had  been  treated  with 
alum,  in  the  proportion  of  l^OOO  pounds  of  alum  to  1,000,000 
gallons  of  sewage,  and  allowed  to  settle  for  four  hours.  These 
results  show  that  52.4  per  cent,  of  the  total  albuminoid  ammonia 
and  84.3  per  cent,  of  the  bacteria  were  removed.  The  high  numbers 
of  bacteria  in  June  and  July  appeared  to  be  due  to  a  growth  of  bac- 
teria on  the  sides  of  the  barrels  where  some  organic  matter  had 
accumulated.  The  removal  of  this  organic  matter  from  time  to  time 
caused  the  number  of  bacteria  in  the  supernatant  liquid  to  become 
normal. 
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MonOdy  Avtragu  of  Supernatant  Liquid  from  Settled  Sewage  for  Filler  No.  13  A. 

[P«rU  par  100,000.] 


1 

r 

Aliomimoid  Ammosia. 

1 

la 
& 

MONTH -ISM. 

1 

1 

• 

i 

III 

October 

Novembor, 

December, 

2.70 
8.18 
8.25 

.48 
.60 
.60 

.26 
.82 
.86 

.18 
.28 
.80 

6.22 

18.78 

6.06 

2.82 
8.64 

8.12 

III 

Avenigee, 

8.06 

.64 

.20 

.21 

10.81 

2.90 

804,000 

The  analyses  above  represent  the  supernatant  liquid  after  the 
sewage  represented  by  the  regular  sample  had  been  allowed  to  settle 
for  four  hours.  These  results,  when  compared  with  those  of  the 
regular  samples  of  sewage,  taken  on  the  same  days,  show  a  remoTal 
of  18.2  per  cent,  of  the  total  albuminoid  ammonia  and  12.0  per 
cent,  of  the  bacteria  by  sedimentation. 

Comparison  of  the  Strength  of  the  Sewage. 

Bringing  together  for  comparison  the  average  results  of  the 
several  series  of  sewage  samples,  we  have :  — 


[Pftrto  per  100,000.] 

Free 
Ammonia. 

ALIUMIMOID  AMXOBIA. 

Chlorine. 

Ozjfm 

OOD- 

TotaL 

Selnble. 

Inaolnble. 

Regular 

Averaira, 

For  Filter  No.  1, 

For  Filter  No.  6«       .       .       . 

For  Filter  No.  9A,    . 

2.68 
8.07 
2.75 
8.04 
2.88 

.68 
.74 
.68 

.72 
.60 

.81 
.86 

.81* 
.81* 
.81* 

.82 
.88 

.87 
.41 
.88 

8.67 
7.16 
7.81 
7.47 
7.89 

S.4S 
8.88 
S.01 
4.« 

*  Bitlmaled  aa  equal  to  timt  in  Uw  legolar  eanple. 

It  will  be  seen  that  the  average  sewage  for  the  day  was  the  most 
concentrated,  although  only  a  little  stronger  than  the  sewage  applied 
to  Filters  Nos.  1,  6  and  9 A.  The  regular  sewage  was  the  most 
dilute  of  all,  as  was  the  case  in  1892. 

Investigations  are  under  way  to  show  the  relation  of  the  strength 
of  the  sewage  as  drawn  at  the  Experiment  Station  to  that  of  the 
original  sewage  in  the  Lawrence  Street  sewer.  The  results  of  two 
such  series  of  analyses  are  given  in  the  table  below.  On  Janoarj 
16  and  17,  1894,  when  the  first  series  was  collected,  the  weather  was 
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clear  and  cold,  and  probably  very  little  snr&ce  water  entered  the 
sewer.  The  second  series  was  taken  daring  a  storm.  The  amount 
of  precipitation  (rain  and  melted  snow)  was  1.47  inches,  the  greater 
part  of  which  was  snow ;  considerable  rain  fell  during  the  night  of 
January  30,  however,  and  found  its  way  to  the  aewer.  In  the  second 
Kries  estimates  of  the  quantity  of  sewage  flowing  in  the  sewer  were 
made  from  observations  of  the  depth  of  sewage  in  the  sewer. 

BaulU  of  Anatj/set  of  Eourly  SampUt  of  Sewage  fi-om  the  Latorence  Street 
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From  the  data  obtained  in  the  second  series  there  was  calculated 
a  representative  analysis  of  all  the  sewage  which  passed  through 
the  sewer  during  this  period  of  twenty-four  hours.  In  the  follow- 
ing table  this  representative  analysis  of  all  the  sewage  flowing  for 
twenty-four  hours  in  the  sewer  is  compared  with  the  average  analysis 
of  all  the  sewage  pumped  at  the  Experiment  Station  during  this 
period  (7  a.m.  to  5  p.m.  January  31). 

[Parts  p«r  100,000.1 


Free 

Ammonia. 

Albcmixoid  AMMOKIA. 

^  Chlorine. 

Ozjgen 

Con- 

■umtd. 

Javuait  80  Axo  81,  ISM. 

Total. 

Soluble. 

Iniolable. 

Lawrenee  Street  fewer,  . 
Bxperimeot  itation, . 

1.40 
2.70 

.64 
.78 

.38 
.40 

.18 
.24 

6.56 
6.72 

2.87 
6.60 

These  results  indicate  that  the  average  sewage  applied  to  the  ex^ 
perimental  filters  during  this  period  was  considerably  stronger  than 
the  average  original  sewagd  flowing  in  the  sewer.  Whether  or  not 
the  difference  is  always  so  marked  will  require  further  experiments 
to  determine.  It  is  instructive  to  compare  the  analyses  of  the  sew- 
age in  the  two  series,  and  also  the  variations  at  different  times 
during  the  day  in  each  series. 

It  has  been  found  that  the  sewage  in  the  Lawrence  Street  sewer 
contains  considerable  dissolved  oxygen,  while  the  sewage  as  pumped 
at  the  Station  contains  none.  Experiments  are  in  progress  to 
compare  the  results  of  purification  by  filtration  of  fresh  sewage 
from  the  Lawrence  Street  sewer  and  of  sewage  as  pumped  at  the 
Station,  both  with  and  without  aeration. 

Since  clogging  and  consequent  interference  with  ventilation  are  the 
chief  factors  to  be  considered  in  studying  the  continuous  efficiency 
of  filters,  it  is  of  importance  to  know  the  strength  of  the  sewage 
which  has  been  treated  and  the  amount  of  sludge  which  it  contained. 
In  the  table  below  are  given  averages  of  analyses  for  the  year  1893 
of  the  sewage  applied  to  the  experimental  filters  at  Lawrence,  and  of 
that  of  the  cities  and  towns  in  Massachusetts  which  purify  their 
sewage  by  intermittent  filtration. 
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Average  of  Analyses  of  the  Sewage  applied  to  the  Experimental  Filters  at  Law- 
renee^  and  of  that  applied  to  the  Filters  used  by  certain  Cities  and  Towns, 

[ParU  per  100,000.] 
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Free 
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FramiDfluun,     . 
Marlboroagb,    • 
GardMr,    . 
WeMboroDgb,* . 
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1.88 
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1.80 

1.07 


Albdmivoid  Ammovia. 


TotoL 


Soluble. 


Insoluble. 


.74 
.88 
.02 
.46 
.10 


.88 
.10 
.88 
.21 
.05 


.88 
.10 
.24 
.24 
.14 


Chlorine. 


Oxygen 
Con- 
sumed. 


7.16 
4.08 
7.86 
8.11 
2.27 


8.63 
6.14 
6.20 
8.04 
2.72 


*  Two  eemplee  from  Weetboroagh  ware  analyzed ;  tbe  otber  reeolu  (except  Lawrence)  are  averagee 
of  t«nl-inoiiUily  analyeee. 

This  table  shows  that  the  sewage  applied  to  the  experimental 
filters  contains  more  sludge  than  the  sewage  of  the  other  places , 
and  consequently  the  experimental  filters  require  more  attention  to 
prevent  clogging  than  do  the  several  large  filters  in  actual  service 
which  receive  more  dilute  sewage. 

Ayebaoe  Purification  op  Sewage  by  the  Several  Filters 

IN  1893. 

In  the  table  below  are  given  the  average  percentages  of  removal 
of  organic  matter  (albuminoid  ammonia)  and  of  bacteria  by  the 
several  filters  to  which  ordinary  sewage  was  applied.  For  the  con- 
struction and  details  of  operation  and  results  see  pages  429-452. 

Average  Per  Cent,  of  AUmminoid  Ammonia  and  of  Bacteria  removed  from 
Sewage  by  the  Several  Filters^  with  Average  Bates  of  Filtration,  1893. 
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These  results  show  that  with  most  of  the  filters  the  romovfti  of 
organic  matter  was  over  90  per  cent.  9  while  five  of  them  removed 
95  per  cent,  or  more.  It  is  to  be  stated,  however,  that  both  the 
quantitative  and  qualitative  efficiency  were  in  many  cases  below  the 
normal  during  the  early  part  of  the  year.  This  was  owing  to  the 
fact  that  for  some  time  previous  the  filters  had  been  operated  in  a 
manner  believed  to  be  unlikely  to  produce  the  best  results,  but  tried 
for  the  sake  of  learning  the  effect  of  certain  methods  of  operation. 
The  methods  of  treatment  by  which  the  filters  resumed  their  former 
ability  to  purify  sewage  are  described  and  discussed  on  pages  412- 
421. 

Permanency  of  Sewage  Filters. 

In  studying  the  subject  of  purification  of  sewage  by  filtration  a 
matter  of  vital  importance  is  the  question  of  the  permanency  of  filters. 
It  is  well  known  that  with  filters  of  suitable  material  sewage  may 
be  purified  at  a  rate  of  more  than  100,000  gallons  per  acre  daily, 
with  a  removal  of  over  90  per  cent,  of  the  organic  matter.  It  is 
also  known  that  some  of  the  organic  matter  of  the  sewage  is  stored 
at  and  near  the  surface  of  the  filter,  and  that  under  some  circum- 
stances there  is  a  certain  amount  of  storage  for  some  distance  below 
ithe  surface.  It  has  been  learned  that  in  the  case  of  filters  which  have 
iregularly  filtered  sewage  at  a  comparatively  high  rate  it  is  eventually 
necessary  to  spade  up  the  surface  in  a  manner  con*esponding  to  plough- 
iing,  and  later  to  remove  the  clogged  surface  layers  and  replace  them 
with  fresh  material.  We  shall  consider  the  treatment  of  the  upper 
flayers  of  a  sewage  filter,  say  the  upper  six  inches,  under  the  heading 
>of  management  of  filters  necessary  for  their  successful  operation,  and 
megard  the  permanency  of  the  filters  as  the  ability  of  the  main  body 
•of  the  sand,  below  the  upper  six  inches,  under  proper  treatment,  to 
purify  sewage  for  an  indefinite  time. 

In  the  Annual  Report  for  1891  it  was  shown  that  the  storage  of 
organic  matter  in  the  filters  at  that  time  was  steadily  increasing. 
This  conclusion  was  drawn  from  repeated  determinations  of  nitrogen 
stored  in  the  sand.  During  the  past  two  years  numerous  examinations 
have  been  made,  but,  owing  to  the  unequal  distribution  of  sewage 
through  the  material  caused  by  trenching  and  in  other  ways,  it  was 
found  to  be  practically  impossible  to  obtain  results  which  represent 
correctly  the  entire  filter.  Accordingly  the  calculations  of  the  quan- 
tities of  organic  matter  stored  within  the  filter  have  been  made  after 
another  method  in  1893.     The  results  of  repeated  determinations  of 
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Ditrogen  stored  in  the  sand  during  the  earlier  years  of  the  experiments 
indicated  that  30  per  cent,  of  the  applied  nitrogen  was  not  to  be  found 
either  in  the  sand  or  in  the  effluent.  It  probably  disappeared  in  the 
atmosphere ;  possibly  as  nitrogen  gas.  To  the  nitrogen  found  in  the 
average  analyses  of  representative  samples  of  each  effluent  has  been 
added  30  per  cent,  of  the  amount  in  each  case,  and  the  difference 
between  this  corrected  quantity  in  the  effluent  and  the  quantity  of 
nitrogen  in  the  applied  sewage  has  been  taken  to  represent  the 
amount  of  nitrogen  stored  in  the  filters.  In  the  table  below  are 
given  the  percentages  which  the  nitrogen  in  the  effluents,  calculated 
as  described  above  from  the  averages  of  representative  analyses, 
formed  of  the  nitrogen  in  the  applied  sewage,  by  months.  The  sign 
minus,  of  course,  indicates  a  removal  of  stored  nitrogen. 
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Summary  and  Conclusions. 

1.  It  will  be  seen  that  the  only  filters  in  which  there  was  a  con- 
tinued storage  of  nitrogen  were  Nos.  4, 15  B  and  1 6  B.  These  filters 
represent  the  extreme  limits  in  the  size  of  materials  and  the  results  are 
explained  by  the  fact  that  there  was  an  insufficient  amount  of  air  for 
the  complete  oxidation  and  nitrification  of  the  applied  sewage. 
From  this  it  follows  that  the  permanency  of  sewage  filters  is  indepen- 
dent of  the  size  of  material,  but  is  directly  dependent  upon  the  treat- 
ment which  they  receive. 

2.  The  removal  of  large  amounts  of  stored  organic  matter  in  the 
spring  and  early  summer  months,  under  favorable  conditions,  is  one 
of  the  most  marked  characteristics  of  sewage  purification  by  inter- 
mittent filtration. 

3.  It  will  be  noticed  that  in  several  cases  the  storage  of  nitrogen 
during  the  winter  months  was  very  slight,  while  in  some  instances 
there  was  a  removal.  This  is  not  apparent  from  the  degree  of  puri- 
fication of  the  corresponding  effluents,  in  which  the  free  ammonia  was 
very  high,  and  this  seeming  discrepancy  is  explained  by  the  fact  that 
while  freezing  winter  weather  interferes  with  nitrification  it  does  not 
seriously  affect  the  oxidation  of  carbonaceous  matter  to  free  ammonia. 

4.  The  average  results  from  all  the  filters,  some  of  which  have 
been  in  operation  regularly  for  six  years,  indicate  that  there  was 
practically  no  more  nitrogen  stored  in  the  filters  at  the  end  than  at 
the  beginning  of  the  year.  From  this  it  appears  that,  with  the  main 
body  of  the  sand  the  same,  sewage  filters  may  continue  to  purify 
sewage  for  an  indefinite  time  provided  they  receive  proper  treatment 
to  insure  sufficient  ventilation  for  the  oxidation  and  nitrification  of 
the  applied  sewage. 

Management  of  Filters  to  Secure  Continuous  Efficiency. 

An  outline  of  the  results  obtained  by  different  methods  for  the 
conservation  of  the  efficiency  of  sewage  filters  is  as  follows :  — 

Sj/stematic  Baking  followed  by  Scraping. 

In  1890  it  was  learned  that  the  interruption  of  the  ventilation  of 
a  filter,  owing  to  clogging  by  the  stored  organic  matter  of  the  sludge 
at  the  surface,  was  prevented,  to  a  great  extent,  by  a  systematic 
weekly  raking  to  a  depth  of  about  one  inch.     Eventually  the  storage 
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of  sludge  in  the  material  disturbed  by  the  weekly  raking  is  so  great 
that  ventilation  is  no  longer  afforded  by  this  means.  It  is  then 
necessary,  in  order  to  insure  the  continued  efficiency  of  the  filter, 
to  present  cleaner  material  at  the  surface ;  and  one  of  the  ways  by 
which  this  may  be  accomplished  is  by  removing  the  clogged  material 
by  scraping  and  replacing  it  with  fresh  material.  (See  page  420 
with  regard  to  the  addition  of  new  material.) 

Filter  No.  1. — This  filter  is  one  two-hundredths  of  an  acre  in 
area  and  contains  63  inches  in  depth  of  sand  of  an  effective  size  *  of 
0.48  millimeter.  On  June  2,  1892,  there  were  removed  from  the 
surface  5  inches  of  clogged  material  which  had  been  more  or  less 
disturbed  and  mixed  together  by  trenching.  This  was  four  years 
and  five  months  after  the  filter  was  first  put  in  operation.  No  new 
material  was  added  at  this  time.  The  efficiency  of  the  filter  was 
satisfactory  during  the  following  months  until  freezing  weather  set  in. 
The  quality  of  the  effluent  improved  during  March  and  April,  but  the 
surface  soon  became  clogged  so  that  the  sewage  failed  to  disappear 
from  the  surface  in  twenty-four  hours.  On  May  5, 1893,  a  layer  of 
clogged  sand,  4  inches  in  depth,  was  removed  by  scraping  and  new 
material  added  to  restore  the  filter  to  its  original  depth  of  63  inches. 
The  total  depth  removed  in  the  five  years  and  four  months  up  to  this 
date  was  9  inches,  or  7.9  cubic  yards  per  million  gallons  of  sewage 
filtered.  The  4-inch  layer  removed  May  5,  1893,  was  equivalent  to 
15  cubic  yards  per  million  gallons  filtered  since  June  2, 1892.  Very 
good  results  followed  this  treatment.  The  rate  of  filtration  up  to 
July  10  was  120,000  gallons  per  acre  daily  for  six  days  in  a  week ; 
July  11  to  August  31,  60,000  gallons;  September  1  to  17,  80,000 
gallons;  September  18  to  December  22,  120,000  gallons;  and 
December  23  to  31,  60,000  gallons.  During  the  six  months.  May 
to  October,  inclusive,  the  average  removal  of  organic  matter 
(albuminoid  ammonia)  and  bacteria  from  the  applied  sewage  was 
93.2  and  95.6  per  cent.,  respectively,  while  the  nitrification  was  very 
high.  The  averages  of  the  analyses  of  the  effluent  showed  that  it 
contained  3.16  parts  per  100,000  of  nitrogen  as  nitrates,  which  indi- 
cates a  removal  of  some  of  the  organic  matter  stored  in  the  sand. 

Filter  No.  6.  —  This  filter  contains  44  inches  in  depth  of  mixed 
coarse  and  fine  sand  of  an  effective  size  of  0.35  millimeter.  The 
surface  has  been  raked  regularly  once  a  week  since  Jan.  1,  1891. 

*  The  '*  effectiTe  fixe  "  means  that  teo  per  cent,  by  weight  of  the  sand  grains  are  finer  than 
the  diameter  giren. 
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On  March  29,  1892,  2  inches  of  clogged  material  were  scraped  from 
the  surface  and  replaced  with  new  material.  The  filter  was  spaded 
over  in  layers  to  a  depth  of  2  feet  on  May  19,  1892,  to  break  up 
stratification.  The  surface  became  clogged  again  Sept.  25,  1893, 
when  2  inches  were  again  scraped  off.  The  total  depth  of  4  inches 
removed  up  to  this  date  is  equivalent  to  5.8  cubic  yards  of  sand 
per  million  gallons  of  sewage  filtered ;  the  2  inches  removed  Sept. 
25,  1893,  are  equivalent  to  9.7  cubic  yards  per  million  gallons 
filtered  since  May  19,  1892.  During  this  latter  period  the  average 
removal  of  organic  matter  (albuminoid  ammonia)  and  bacteria  from 
the  applied  sewage  was  94.2  and  99.3  per  cent.,  respectively. 
The  efiluent  contained,  on  an  average,  2.83  parts  per  100,000  of 
nitrogen  as  nitrates.  The  average  rale  of  filtration  was  62,400  gal- 
lons per  acre  daily  for  six  days  in  a  week.  From  September  1  to 
December  21  the  rate  was  90,000  gallons,  and  from  December  22  to 
31,  50,000  gallons. 

Systematic  Scraping  when  Necessary^  without  Raking. 

Filter  JiTo.  9  A.  —  This  filter  is  60  inches  in  depth  and  contains 
sand  of  an  effective  size  of  0.17  millimeter.  The  upper  6  inches 
were  removed,  and  the  rest  of  the  material  taken  out  and  replaced 
dry  May  20,  1892,  in  order  to  break  up  stratification.  The  surface 
was  raked  weekly  until  July  20,  1892,  hut  since  that  time  it  has  not 
been  raked,  but  was  scraped  whenever  the  surface  became  sufficiently 
clogged  to  prevent  the  passage  of  sewage  through  the  filter.  The 
filter  was  scraped  eleven  times  from  May  20,  1892,  to  Nov.  16, 
1893,  and  on  the  latter  date  the  applied  sewage  failed  to  disappear 
just  after  scraping,  indicating  a  clogging  beneath  the  surface.  The 
filter  was  restored  to  its  original  depth  by  the  addition  of  new 
material  after  scraping  on  March  14  and  Sept.  25,  1893.  The  total 
depth  removed  was  5.54  inches,  which  is  equivalent  to  13.8  cubic 
yards  per  million  gallons  of  sewage  filtered  during  the  i>criod.  The 
rate  of  filtration,  120,000  gallons  per  acre  daily,  for  six  days  in  a 
week,  is  very  high  for  this  material.  The  average  removal  of  organic 
matter  (albuminoid  ammonia)  and  bacteria  from  the  sewage  for  the 
entire  period  was  94.1  and  98.3  per  cent,  respectively.  The  nitro- 
gen as  nitrates  averaged  2.03  parts  per  100,000  in  the  effluent. 

A  decided  objection  to  this  method  of  treatment  is  that  the  fre- 
quent interruption  in  ventilation  causes  a  temporary  decrease  in 
nitrification  and  an  increase  in  the  storage  of  organic  matter.     With 
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long  intervals  between  scrapings  this  would  not  be  serious ;  but,  as 
in  the  case  of  Filter  No.  9  A,  there  may  eventually  come  a  time 
when  the  scrapings  are  so  frequent  that  nitrification  does  not  get 
fully  re-established  before  clogging  occurs  again. 

It  was  necessary  to  scrape,  after  November  16,  4^  inches,  before 
the  sewage  would  disappear  readily.  As  the  removed  sand  did  not 
contain  sufficient  stored  organic  matter  to  explain  this  clogging,  its 
final  interpretation  must  be  postponed  until  something  is  known  of 
its  subsequent  history.  It  is  to  be  mentioned,  however,  that  com- 
pactness of  the  material  seemed  to  be  an  important  feature. 


SysiemcUtc  Scraping  at  liegular  IntervaU^  without  Raking. 

No  experiments  upon  this  point  have  been  made  as  yet  at  the 
Experiment  Station,  but  the  sewage  filters  at  Gardner  have  been 
treated  in  this  manner  for  moi*e  than  two  years.  The  sand  in  these 
filters  has  an  effective  size  of  0.10  to  0.24  millimeter,  and  the  sewage 
is  applied  with  a  two-day  interval  of  rest  at  an  average  rate  of  about 
60,000  gallons  per  acre  daily.  About  one-eighth  inch  of  scum  and 
clogged  sand  is  removed  once  in  ten  days  to  two  weeks.  After 
scraping  off  the  stored  sludge  the  sand  is  raked  to  a  depth  of  1  to 
1^  inches  to  loosen  the  material.  This  treatment  appears  to  be  very 
satisfactory. 

Systematic  Baking  followed  by  Ploughing. 

Upon  the  application  of  sewage  to  filters  of  coarse  sand  the  sludge 
passes  deeper  into  the  material  than  in  the  case  of  filters  of  fine  sand  ; 
eventually  a  clogging  occurs  at  a  point  just  beneath  that  reached  in 
the  weekly  raking  (1  inch  deep) .  Under  these  circumstances  the  sur- 
fiices  have  been  spaded  over  in  a  manner  corresponding  to  ploughing. 

Filter  No  3 A. —  This  filter  contains  30  inches  in  depth  of  coarse 
sand  above  30  inches  of  fine  sand.  The  effective  sizes  are  0.48  and 
0.08  millimeter,  respectively.  The  surface  was  spaded  over  6  inches 
deep  Oct.  19,  1892,  and,  with  the  aid  of  weekly  raking,  the  applied 
sewage  disappeared  promptly  until  August,  1893,  when  the  filter 
became' clogged  again.  The  surface  was  spaded  over  6  inches  deep 
August  14,  after  which  the  applied  dose  of  sewage,  equivalent  to 
60,000  gallons  per  acre  daily  for  six  days  in  a  week,  disappeared 
promptly,  and  the  quality  of  the  efiluent  steadily  improved  up  to 
September  1,  when  the  experiment  was  discontinued. 
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Filter  No.  5  A. — This  filter  contains  63  inches  in  depth  of  screened 
gravel  of  an  effective  size  of  1.40  millimeters.  Clogging  beneath  the 
surface  became  apparent  June  12,  1893,  and  was  relieved  by  raking 
2  inches  deep.  The  rate  of  filtration  was  120,000  gallons  per  acre 
daily  for  six  days  in  a  week.  Sub-surface  clogging  appeared  again 
September  15,  when  the  surface  was  spaded  over  6  inches  deep. 
On  October  30  the  rate  was  increased  to  160,000  gallons  per  acre, 
and  clogging  began  to  appear  again  the  first  of  December. 

Under  this  method  of  treatment  it  would  be  necessary,  if  a  high 
rate  of  filtration  were  maintained,  to  resort  eventually  to  scraping, 
as  was  the  case  with  Filter  No.  5  A  in  December. 


Ti^enching. 

Filter  No.  2. — This  filter  contains  60  inches  in  depth  of  very 
fine  sand  of  an  efllective  size  of  0.08  millimeter.  In  the  winter  of 
1892-93  the  surface  of  the  filter  became  very  badly  clogged,  and 
on  March  2  there  were  dug  two  circular  trenches,  each  one  foot 
wide  and  two  feet  deep,  one  and  a  half  and  five  feet,  respectively, 
from  the  edge  of  the  filter.  These  trenches  were  filled  to  within 
three  inches  of  the  top  with  sand  of  ad  efi^ective  size  of  0.19  milli- 
meter. The  prescribed  dose  of  40,000  gallons  per  acre  daily  for 
six  days  in  a  week  was  then  taken  without  difficulty  and  the  quality 
of  the  efiluent  steadily  improved.  On  September  1  the  dose  was 
increased  to  H0,000  gallons.  During  October  the  trenches  gradually 
showed  the  efifect  of  clogging,  and  finally  were  unable  to  take  the 
prescribed  dose.  At  the  same  time  the  free  ammonia  in  the  effluent 
began  to  increase.  On  October  30  the  upper  two  inches  of  sand 
in  the  trenches  were  removed  and  replaced  with  fresh  material. 
This  afibrded  but  little  relief,  owing  to  a  clogging  further  down  in 
the  filter,  as  is  explained  beyond.  The  sand  removed  was  equivalent 
to  7.9  cubic  yards  per  milliou  gallons  of  sewage  filtered  since 
March  2,  1893,  and  contained  118  parts  per  100,000  of  albuminoid 
ammonia.  The  average  removal  of  organic  matter  (albuminoid 
ammonia)  and  bacteria  from  the  applied  sewage  during  this  time 
was  95.7  and  99.7  per  cent.,  respectively.  The  effluent  contained 
on  an  average  2.86  parts  per  100,000  of  nitrogen  as  nitrates,  which 
indicates  a  removal  of  some  of  the  organic  matter  stored  in  the 
sand  during  the  winter  months.  The  average  rate  of  filtration  was 
43,000  gallons  per  acre  daily  for  six  days  in  a  week. 
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The  trenches  in  this  filter  probably  doubled  the  quantity  of  sew- 
age which  could  be  successfully  treated,  and  moreover  caused  a 
marked  improvement  in  the  quality  of  the  effluent. 


Construction  of  Trenches. 

When  coarse  sand  is  placed  in  trenches  dug  in  finer  sand  some  of 
the  sludge  of  the  applied  sewage  in  time  works  down  to  the  fine 
sand  at  the  junction,  where  the  gradually  increasing  storage  causes 
an  increase  in  the  capillary  attraction,  and  eventually  so  large  a  pro- 
portion of  the  space  between  the  sand  grains  is  constantly  filled  with 
water  that  the  ventilation  is  seriously  impaired  and  the  frictional 
resistance  is  so  great  that  both  the  qualitative  and  quantitative  effi- 
ciency of  the  filter  are  crippled. 

Filter  No.  2  became  clogged  in  this  manner,  and  on  Dec.  2, 
1893,  the  coarse  sand  was  removed  from  the  trenches  and  also  two 
and  a  half  inches  of  the  fine  sand  beneath  it.  After  raking  the  sides 
and  the  bottom  of  the  trenches,  a  layer  five  inches  in  depth  of 
thoroughly  mixed  coarse  and  fine  sand,  with  the  coarse  gradually 
decreasing  downward,  was  put  back,  with  a  view  to  preventing  the 
occurrence  of  any  sharply  dividing  line  in  the  difference  in  capillary 
attraction.  As  far  as  can  be  judged  at  the  time  of  writing  the  effect 
upon  the  filter  was  very  beneficial.  In  the  case  of  deep  trenches, 
where  much  of  the  sewage  passes  through  the  sides,  it  would  prob- 
ably be  desirable  to  treat  the  sides  in  a  somewhat  similar  manner. 

Some  experiments  have  been  made,  showing  comparisons  of  the 
capillarity  and  other  physical  characteristics  of  coarse  and  fine  sand 
and  several  mixtures  of  the  two.  The  materials  (Nos.  1  and  2 
sands)  were  dried  and  thoroughly  mixed.  In  the  table  below  are 
given  the  mechanical  composition,  effective  size,  uniformity  coeffi- 
cient, per  cent,  of  open  space  and  specific  gravity,  as  well  as  the 
capillarity  in  each  case.  The  capillarity  was  determined  by  finding 
the  amount  of  water  held  in  the  pores  of  the  sand  after  draining 
twenty-four  hours,  and  it  is  instructive  to  note  that  the  mixtures  of 
one  part  coarse  and  three  parts  fine  and  equal  parts  of  coarse  and 
fine  held  more  water  than  the  fine  alone,  while  the  other  mixture  held 
only  a  little  less. 
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Mechanical  OomposUion  of  Sands, 
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nesting. 

Filter  JVo.  4.  —  This  filter  contains  60  inches  in  depth  of  fine 
river  silt  of  an  eflective  size  of  0.04  millimeter  and  has  received 
sewage  since  June  24,  1889,  in  a  trench  of  coarse  mortar  sand. 
This  trench  covers  one-third  the  area  of  the  filter,  is  14  inches  deep, 
and  is  filled  to  within  3  inches  of  the  top  with  the  coarse  sand.  In 
the  winter  of  1892-93  the  trench  became  clogged  and  unable  to  take 
the  dose  of  40,000  gallons  per  acre  daily  for  six  days  in  a  week. 
On  March  6  the  upper  2  inches  of  sand  in  the  trench,  containing  75 
parts  per  100,000  of  albuminoid  ammonia,  were  removed.  This 
was  a  total  removal  of  3}  inches  since  June  24, 1889,  and  equivalent 
to  3.79  cubic  yards  per  million  gallons ;  the  2  inches  removed  March 
6, 1893,  were  equivalent  to  9.3  cubic  yards  per  million  gallons  filtered 
siDce  May  9, 1892,  the  date  of  the  first  removal.  This  did  not  afford 
relief,  and  the  coarse  sand  was  taken  out  of  the  trench,  the  upper 
half  inch  of  the  fine  sand  beneath  it  was  removed  and  the  coarse 
sand  replaced.  Clogging  again  occurred  in  May,  and  a  new  trench 
was  constructed  June  2,  the  old  one  being  allowed  to  rest.  Analyses 
of  the  sand  showed  that  there  was  a  reduction  of  39  per  cent.,  from 
June  2  to  August  16,  of  the  albuminoid  ammonia  stored  in  the 
trench.  Another  analysis  on  October  30  showed  no  farther  reduc- 
tion, but  the  sewage  was  applied  to  the  original  trench  from  that 
date  throughout  the  year  without  difficulty.  The  rate  of  filtration 
since  June  2  has  been  30,000  gallons  per  acre  daily  for  six  days  in  a 
week.  The  average  removal  of  organic  matter  (albuminoid  ammonia) 
and  bacteria  from  the  applied  sewage.  May,  1892,  to  October,  1893, 
inclusive,  was  92  9  and  99.993  per  cent. ,  respectively .  For  Novem- 
ber and  December,  1893,  these  figures  became  98.2  and  99.999, 
respectively.  The  nitrogen  as  nitrates  in  the  effluent  averaged  1.09 
and  2.14  parts  per  100,000,  respectively,  during  the  two  periods. 

The  constructioji  of  double  trenches,  allowing  each  to  work  and 
rest  alternately,  in  periods,  is  of  much  practical  value ;  and,  more- 
over, the  removal  of  stored  organic  matter  by  simple  resting  indi- 
cates that  this  inexpensive  method  is  worthy  of  careful  consideration 
in  the  treatment  of  large  areas  of  clogged  filtering  material. 
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Addition  of  JVew  Material. 

For  some  time  it  has  been  known  that  the  passage  of  sewage 
through  sand  increases  the  amount  of  stored  organic  matter,  which 
forms  a  sticky  coating  around  the  sand  grains  and  thereby  increases 
the  capillary  attraction.  Accordingly,  when  new  material  with 
grains  of  the  same  size  and  original  composition  is  put  upon  old 
material  to  take  the  place  of  clogged  material  removed  by  scraping 
the  effect  is  similar  to  placing  coarse  sand  above  fine,  and  the  result 
is  a  clogging  at  the  junction.  This  was  found  to  be  the  case  in 
Filters  Nos.  1  and  6,  which  indicated  furthermore  that  the  finer  the 
material  and  the  neai*er  the  junction  was  to  the  surface  the  quicker 
the  clogging  became  manifested.  To  remedy  this  the  filters  were 
spaded  over,  the  old  and  new  material  mixed  together,  so  as  to  break 
up  the  layer  at  the  dividing  line  between  the  materials  of  unlike 
capillary  attraction,  and  satisfactory  results  followed. 

The  Management  of  Sewage  Filters  with  Regard  to  Whiiei*  Weather. 

The  purification  of  sewage  by  intermittent  filtration  is  ordinarily 
attended  with  more  difficulties  during  the  freezing  winter  weather 
than  during  the  remainder  of  the  year,  owing  to  an  apparent  diminu- 
tion in  the  activity  of  the  micro-organisms  in  the  presence  of  frost ; 
to  the  less  favorable  conditions  for  ventilation  because  freezing 
interferes  with  draining,  and  the  pores  of  the  sand  are  more  or  less 
filled  with  frost;  and  to  the  danger  of  the  sewage  freezing  to  the 
sand  before  it  disappears,  whereby  fuilher  filtration  is  impossible 
until  a  thaw  comes. '  It  is  therefore  of  the  utmost  importance  that 
the  treatment  of  the  filters  be  such  that  the  conditions  for  operation 
be  as  favorable  as  possible  during  the  winter. 

Most  of  the  experimental  filters  received  their  preparation  for  the 
winter  on  December  2,  and  on  the  following  day  severe  winter 
weather  began.  The  filters  showed  great  improvement  in  the  readi- 
ness with  which  they  took  the  applied  sewage,  but  the  improvement 
in  the  quality  of  the  effluent  was  far  less  than  would  have  been  the 
case  in  warmer  weather.  This  indicates  that  the  filters  should  be 
prepared  for  the  winter  sufficiently  early  to  be  in  their  best  condition 
in  every  way  when  freezing  weather  begins.  It  does  not  appear  to 
be  advisable  to  postpone  this  treatment  in  Massachusetts  after  the 
1st  of  November. 

In  regard  to  the  preparation  necessary,  it  may  be  stated  that  the 
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clogging  should  be  removed  as  far  as  practicable,  and  in  a  majority 
of  cases  the  surface  can  with  great  advantage  be  arranged  in  alter- 
nate ridges  and  trenches.  The  ordinary  winter  sewage  is  sufficiently 
warm  to  melt  some  of  the  snow  in  the  trenches,  but  in  so  doing 
becomes  so  chilled  that  in  many  cases  a  sheet  of  ice  is  formed  beneath 
the  unmelted  snow  and  above  the  sand  in  the  trench.  The  sewage 
will  slowly  pass  into  the  sand  and  form  in  this  way  a  very  inex- 
pensive and  effective  winter  cover.  It  is  also  to  be  mentioned  that 
atFramingham  the  filters,  which  were  planted  with  corn  (maize), 
were  afforded  such  covers  by  allowing  the  snow  and  ice  to  rest  upon 
the  com  hills. 

Owing  to  the  limited  area  of  the  experimental  filters  there  is  but 
little  opportunity  for  lateral  filtration  (a  very  important  feature  in 
large  filters),  and  it  is  not  practicable  to  ridge  and  trench  the  sur- 
face of  most  of  the  Lawrence  filters  because  the  sewage  would  pass 
through  in  places  too  quickly.  It  appears  that  large  filters  in  actual 
practice  are  much  less  difficult  to  operate  in  winter  weather  than  the 
experimental  filters. 

Summary  and  Conclusions. 

The  several  methods  of  managing  filters,  with  particular  reference 
to  the  removal  of  clogging  in  the  surface  layers,  which  have  been 
applied,  with  varying  results,  may  be  summarized  as  follows  :  — 

1.  Systematic  raking,  with  occasional  harrowing  or  ploughing, 
is  very  satisfactory,  particularly  for  coarse  materials. 

2.  Systematic  scraping  at  regular  intervals  (followed  by  raking 
to  loosen  the  material)  gives  very  good  results,  especially  for  fine 
materials. 

3.  Systematic  scraping  when  necessary,  without  raking  or  har- 
rowing, is  not  advisable. 

4.  The  efficiency  of  very  fine  material  (clogged  or  not  clogged) 
is  much  increased  by  trenching  with  coarse  material. 

5.  Such  trenches  should  contain  carefully  graded  materials  at 
the  bottom  to  prevent  clogging  at  the  junction  of  the  coarse  and  fine 
sand. 

6.  When  new  material  is  put  on  to  old  to  replace  clogged 
material  removed  by  scraping,  it  is  always  advisable  to  mix  the  old 
and  the  new  together  in  order  to  prevent  clogging  at  the  junction 
of  layers  of  unlike  capillary  attraction. 

7.  The  removal  of  stored  organic  matter  by  resting  for  a  limited 
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period  is  sufficiently  great  to  render  this  simple  and  inexpensive 
method  worthy  of  careful  consideration  in  cases  of  clogging  where 
the  available  area  is  not  too  limited.  It  may  be  mentioned  here  that 
the  depth  of  material  necessary  to  be  removed  from  the  surfiice  of 
several  of  the  experimental  filters  would  doubtless  have  been  con- 
siderably less  if  they  had  been  allowed  to  rest  for  a  short  time. 

8.  It  is  important  that  the  treatment  of  filters  be  such  that  the 
conditions  of  operation  be  as  favorable  as  possible  during  the  cold 
winter  weather. 

9.  Great  care  should  be  taken,  especially  in  the  case  of  filters 
of  fine  material,  that  the  capacity  of  the  filter  be  not  taxed  during 
the  winter  months  to  such  an  extent  that  more  organic  matter  is 
stored  throughout  the  sand  than  can  be  removed  during  the  spring 
and  early  summer,  which  is  the  period  of  highest  nitrification. 

Experiments  upon  the  Rapid  Filtration  of  Sewage  from  which 
THE  Sludge  has  been  removed  by  Different  Methods. 

The  question  of  clogging  has  been  considered  in  the  preceding 
pages  with  regard  to  the  removal  of  sludge  after  its  application  to 
and  partial  storage  in  the  sand.  Another  aid  to  prevention  and 
relief  is  the  removal  of  as  much  of  the  sludge  as  possible  before 
the  application  of  the  sewage  to  the  filter.  This  may  be  done  by 
different  treatments  as  follows :  -«- 

I.  By  rapid  filtration  through  coarse  gravel,  with  the  aid  of  a 
current  of  air  drawn  through  the  gravel. 

II.  By  chemical  precipitation. 

III.  By  sedimentation. 

IV.  By  mechanical  devices,  such  as  very  fine  screens  or  wire 
cloth.     (Results  as  yet  incomplete.) 

After  treating  sewage  by  one  of  the  first  three  of  these  difierent 
methods  it  has  been  in  each  case  applied  to  a  filter  of  sand  5  feet 
deep,  having  an  effective  size  of  grain  of  0.17  to  0.19  millimeter. 

L  (Fillers  ms.  12 A,  15 B  and  16 B.) 

Filters  Nos.  15  B  and  16  B  are  each  65  inches  in  depth  and  con- 
tain gravel  stones  of  an  effective  size  of  5.10  millimeters.  They 
were  put  in  operation  July  25,  1892.  A  current  of  air  has  been 
drawn  through  No.  15  B,  by  means  of  an  aspirator  attached  to  the 
tank  near  the  bottom,  since  March  18,  1893,  and  through  No.  16  B 
since  Jan.  16,  1893.     The  outlet  from  each  filter  has  been  trapped. 
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The  surfaces  were  not  disturbed  until  the  middle  of  July,  1893, 
about  a  year  after  they  were  first  put  in  operation.  They  were 
each  raked  3  inches  deep  four  different  times,  to  remove  clogging, 
between  the  middle  of  July  and  September  1.  After  September 
1,  they  were  raked  regularly  once  a  week  until  October  26,  since 
which  date  they  have  been  raked  3  inches  deep  daily.  During 
November  and  December  there  was  evidence  of  sub-surface  clogging 
and  each  filter  was  spaded  over  6  to  8  inches  deep  on  several  occa- 
sions.    No  material  has  t>een  removed  from  either  filter. 

FUter  No.  12  A  contains  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.19  millimeter,  and  receives  the  effluent  of  Nos.  15  B  and 
16  B.  Since  March  24  it  has  been  scraped  when  clogged,  but  not 
raked.  The  clogged  sand  has  been  washed  and  replaced.  The 
filter  has  been  scraped  on  an  average  once  in  five  days,  and  the 
average  depth  of  clogged  sand  removed  was  0.24  inch.  Sub-surface 
clogging  made  it  necessary  to  spade  over  the  upper  six  inches  of  sand 
after  scraping  on  September  27  and  December  12  and  27.  The 
results  are  summarized  beyond. 

//.  {Fater  No.  19.) 

This  filter  is  also  60  inches  deep,  and  the  sand  has  an  effective  size 
of  0.17  millimeter.  It  has  received  the  supernatant  liquid  from  sew- 
age after  treatment  with  alum  (1,000  pounds  per  million  gallons  and 
allowed  to  settle  four  hours).  Since  October  23  it  has  been  scraped 
after  the  same  manner  as  No.  12  A.  The  average  period  between 
scrapings  was  ten  days  and  the  average  depth  removed  was  0.47 
inch.  Up  to  December  20  the  filter  had  twice  been  spaded  over  6 
inches  deep  to  remove  sub-surface  clogging.  The  rate  of  filtration, 
640,000  gallons  per  acre  daily  for  six  days  in  a  week,  overtaxed 
the  capacity  of  the  filter,  which  was  allowed  to  rest  for  two  weeks 
beginning  December  23.    The  results  are  summarized  beyond. 

///.  {Filter  No.  13 A.) 

This  filter  was  constructed  on  Sept.  27,  1893,  and  contains  60 
inches  in  depth  of  sand  of  an  effective  size  of  0.19  millimeter.  It 
received  the  supernatant  liquid  from  sewage  which  bad  been  allowed 
to  settle  four  hours.  It  has  been  scraped  on  an  average  once  in  six 
days,  and  the  average  depth  removed  was  0.37  inch.  In  December 
the  sand  was  spaded  over  to  a  depth  of  6  inches,  three  times,  to  re- 
move sub-surface  clogging.     The  rate  of  filtration,  480,000  gallons 
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per  acre  daily  for  six  days  in  a  week,  overtaxed  the  filter,  which  was 
allowed  to  rest  for  two  weeks  beginning  December  23.  The  results 
are  summarized  below. 


Quantitative  Efficiency  —  Average  Bates  of  Filtration, 

(Oftllons  per  sore  dally  for  tlx  d«ya  lo  a  week.) 


17UMBKB  or  Filter. 


Jan.  1  to  Dee.  81, 

Get 

.ItoDecSl, 
IMS. 

819,900 

000,000 

- 

416,800 

404,700 

480,000 

4u,aoo 

480,000 

907,900 

564,000 

12  A, 
ISA, 
16  B, 
19  B, 


Qualitative  Efficiency  —  Average  Percentage*  of  Removal  of  Organic  Matter  and 

Bacteria, 


Jam.  1  TO  Dec.  31, 
1S9S. 


Albuminoid 
Ammonia. 


Bacteria. 


From  sewage  by  Filter  No.  16  B,        .       •       • 
From  eewage  by  Filter  No.  10  B,        .       •       • 

From  effluent  of  Filters  Noe.  15  B  and  16  B  by  Filter 

No.  12  A. 
From  sewage  by  Filters  Nos.  15  B  or  16  B  and  No 

12  A. 
From  sewage  by  chemleal  precipitation,    . 

From  elarifled  sewage  (after  chemical  precipitation) 

by  FUter  No.  19. 
From  sewage  by  chemical  preeipltaiion  and  Filter 

No.  Itt. 
From  sewage  by  sedimentation, .... 

From  clarified  sewage  (after  sedimentation)  by  Fil 

ter  No.  13  A. 
From  sewage  by  sedimentation  and  Filter  No.  13  A, 


77.8 
75.2 
81.2 
95.5 
52.4 
89.0 
94.6 


n.4 

80.8 
98.9 
99.8 
84.8 
95.8 
99.S 


Oct.  1  TO  Dbc  81, 
18»S. 


Albuminoid 
Ammonia. 


79.0 
70.6 
86.8 
96.7 
66.S 
78.7 
00.1 
18.2 
89.4 
91.8 


Bacteria. 


84.0 
79.8 
00.9 
99.0 
81.6 
97.0 
99.6 
12.0 
98.6 
96.8 


*  Several  of  the  percentages  in  this  table  differ  a  little  from  those  presented  on  page  101  of  Senate 
Document  No.  4  for  1894,  owing  to  a  slight  revision  of,  and  an  extension  of  the  period  covered  by,  the 
results. 

Summary  and  Conclusions. 

1.  Of  the  three  methods  given  above  for  the  removal  of  sludge, 
filtration  through  coarse  gravel  at  a  very  rapid  rate,  and  with  the  aid 
of  a  current  of  air  drawn  through  the  gravel,  gave  the  greatest  puri- 
fication. Furthermore,  it  has  the  advantage  that  it  bums  up  the 
sludge  to  a  large  extent  and  does  not  call  for  additional  means  for 
sludge  disposal. 
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2.  The  remoyal  of  sludge  by  sedimentation  enables  filters  of  fine 
material  to  be  operated  at  higher  rates  than  filters  which  receive 
ordinary  sewage.  It  appears  that  it  would  be  advisable  to  employ 
sedimentation  in  many  large  filters  where  the  sewage  is  strong  and 
the  filters  are  not  cultivated. 

3.  The  aid  received  from  the  removal  of  sludge  by  chemical 
precipitation  does  not  appear  to  be  sufficient  to  justify  the  additional 
cost. 

4.  Of  the  three  filters  of  fine  sand  which  receive  sewage  from 
which  the  sludge  has  been  partly  removed  by  different  methods. 
No.  12  A  received  the  best  purified  sewage  and  gave  the  highest 
efliciency  both  from  a  qualitative  and  a  quantitative  point  of  view. 
This  filter  also  is  the  only  one  capable  of  continuing  to  work  at  the 
rates  given  above. 

5.  Upon  studying  the  several  methods  of  obtaining  a  well  purified 
effluent  from  sewage  we  find  that  the  average  rate  of  filtration  for 
the  combined  area  of  Filters  Nos.  12  A,  15  B  and  16  B  was  320,000 
gallons  per  acre  daily  for  six  days  in  a  week.  This  is  the  best 
result  yet  obtained  with  the  experimental  filters,  and  this  system 
of  double  filtration  with  the  aid  of  a  current  of  air  appears  to  be 
capable  of  application  to  the  purification  of  sewage  on  a  large  scale. 

SuB-suRPACB  Application  op  Sewage. 

Filter  No.  7.  —  This  filter  contains  44  inches  in  depth  of  mixed 
coarse  and  fine  sand  of  an  effective  size  of  0.35  millimeter,  above 
which  are  10  inches  of  loam  and  6  inches  of  soil.  The  sub-surface 
drain  pipe  is  6  inches  in  diameter,  with  open  joints  every  2  feet, 
and  is  18  inches  below  the  surface.  This  pipe  became  clogged  and 
on  April  20  was  taken  up  and  cleaned.  The  sludge  removed  con- 
tained 75  per  cent,  of  the  insoluble  albuminoid  ammonia  applied 
since  the  pipe  was  cleaned  and  relaid  in  October,  1892.  The  pipes 
were  again  relaid  July  8  and  sewage  applied  at  the  rate  of  40,000 
gallons  per  acre  daily  for  six  days  in  a  week.  The  drain  pipe  is 
gradually  becoming  clogged,  and  since  December  1  the  full  dose 
could  not  be  applied. 

The  nitrification  was  incomplete  in  August,  and  the  ventilation 
has  been  increased  by  aspiration  since  September  1.  The  quality 
of  the  efiluent  has  improved  and  remains  very  satisfactory. 

From  the  experiments  upon  Filter  No.  7  and  observations  upon 
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the  sub-surface  filters  at  Lenox  and  Wellesley  we  may  draw  the 
following  conclusions :  — 

1.  From  a  chemical  and  biological  point  of  view  no  marked  diffi- 
culties attend  the  purification  of  sewage  applied  beneath  the  surface. 

2.  As  much  of  the  sludge  as  possible  should  be  removed  from 
the  original  sewage  by  screens  and  sedimentation  before  applying  it 
to  the  sub-surface. 

3.  The  sub-surface  pipes  should  be  provided  with  outlet  gates  at 
the  lower  end,  opposite  the  point  of  application,  so  that  they  may  be 
flushed  out  from  time  to  time  to  remove  the  accumulated  sludge. 

4.  In  most  cases,  to  avoid  clogging,  the  drain  pipe  should  be 
surrounded  with  stones  or  coarse  gravel,  and  in  order  to  prevent  the 
sand  from  filling  the  spaces  the  gravel  should  be  surrounded  with 
successive  layers  of  material  of  intermediate  and  gradually  decreasing 
size. 

Experiments  with  Sand  clogged  bt  Sewage. 

FUterNo.  ii^.— This  filter  was  filled  in  April,  1892,  with  5  feet 
of  material  which  had  been  scraped  from  the  surface  of  Filter  No.  6 
because  it  was  clogged.  Aided  by  a  current  of  air  it  began  to  do 
good  work  in  a  few  months  and  in  1893  it  filtered  sewage  at  the 
rate  of  tiO,000  gallons  per  acre  daily  for  six  days  in  a  week  with  an 
effluent  as  well  purified  as  that  from  some  filters  of  clean  material. 
The  purification  fell  off  in  the  summer,  owing  to  clogging  at  the 
surface.  In  August  the  upper  3  inches  were  removed  and  the 
quality  of  the  effluent  steadily  improved  and  remained  satisfactory 
throughout  the  year. 

This  experiment  offers  a  strong  confirmation  of  the  conclusion 
already  drawn  with  regard  to  the  injurious  effect  of  the  presence  of 
layers  of  unlike  material  in  a  filter.  (Compare  Annual  Report  for 
1892,  pages  403  and  409,  and  also  the  sections  in  the  present  Report 
on  the  construction  of  trenches  and  the  addition  of  new  material, 
pages  417  and  420.)  This  material,  just  before  its  removal,  and 
when  it  formed  a  portion  of  the  upper  layer  2  inches  in  depth  of 
Filter  No.  6,  remained  saturated  with  water  and  ventilation  was  pre- 
cluded because  the  cleaner  sand  beneath  it  was  unable  to  draw  the 
water  from  it.  When  placed  by  itself,  however,  it  drained,  allowed 
air  to  enter  the  pores  and  oxidation  processes  in  time  became  re-es- 
tablished. In  Filter  No.  11  A  the  upper  portion  eventually  contained 
so  much  stored  organic  matter  that  it  remained  saturated  and  the 
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comparatively  clean  but  actually  dirty  and  partly  clogged  sand 
beneath  it  could  not  withdraw  the  water  from  its  pores  to  allow  the 
entrance  of  air.  There  is  no  reason  to  believe,  moreover,  that  this 
portion  which  was  removed  would  not  in  time  make  an  efficient 
filter  if  placed  by  itself.  This  experiment  with  others  shows  that 
the  clogging  of  a  sewage  filter  does  not  mean  the  storage  in  the 
material  of  any  definite  amount  of  organic  matter,  but  that  it  arises 
from  differences  in  capillary  attraction  of  adjoining  layers.  While 
it  is  true  of  course  that  increased  storage  of  organic  matter  means  in- 
creased capillarity,  it  is  also  true  that  marked  differences  in  capillary 
attraction  occur  in  unlike  material  containing  very  little  or  no  organic 
matter. 

The  Effect  of  Polarite  in  a  Filter  on  the  Removal  of 
Color  from  Sewage  containixo  Dye  Stuff. 

Filter  No,  14.  —  This  filter  has  contained  since  Jan.  21,  1893,  a 
layer  of  polarite*  7  inches  deep,  the  top  of  which  was  6  inches 
below  the  surface.  From  February  13  to  March  22,  Patent  Bluet 
equivalent  to  0  33  part  per  100,000  was  put  into  the  sewage,  which 
was  applied  to  the  filter  at  the  rate  of  160,000  gallons  per  acre 
daily  for  six  days  in  a  week.  The  effluent  was  slightly  colored 
after  a  few  days,  and  the  color  became  quite  marked  at  the  end  of 
38  days.  The  filter  was  then  operated  as  usual  without  the  dye 
stuff  in  the  sewage  and  it  was  not  until  August  26  that  the  effluent 
became  free  from  the  color  which  had  been  stored  in  the  filter. 

During  this  time  Filter  No.  13,  of  the  same  construction  as  No.  14, 
without  polarite,  received  the  same  treatment  as  the  latter.  The 
eflBuent  of  each  was  uniformly  well  purified  with  high  nitrification. 

Beginning  on  August  26,  Scarlet  2R  (another  aniline  dye), 
equvalent  to  0.44  part  per  100,000,  was  added  to  the  dose  of  each 
filter.  The  applied  sewage  had  a  strong  red  color.  On  the  second 
duy  the  effluent  of  No.  13  (without  polarite)  showed  a  pink  tint  and 

*  Analjtis  of  polarite  by  Professor  Roscoe :  •— 

Magnetic  oxide  of  iron, 63  86 

Alamina, 6  68 

Magnesia, 7.66 

Water,  with  a  trace  of  carbon 6  41 

Stiica, 26.60 

Lime, 2.01 

100.00 
t  Trade  name  for  an  aniline  dye. 
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contained  about  20  per  cent,  of  the  color  in  the  applied  sewage  on 
the  twelfth  day  of  the  application.  The  first  appearance  of  color  in 
the  effluent  of  No.  14  was  on  the  twenty-second  day,  and  the  color 
had  not  become  marked  on  the  twenty-eighth  day,  when  the  appli- 
cation of  this  dye  was  stopped. 

On  September  24  Patent  Blue  was  added  to  the  dose  of  each  filter 
(0.33  part  per  100,000  —  the  same  as  applied  to  No.  14  during  the 
winter  months),  and  the  effluent  of  No.  13  was  strongly  colored  on 
the  first  day,  while  that  of  No.  14  was  tinted  only  very  slightly. 

The  Removal  of  Bacteria. 

The  number  of  bacteria  in  the  effluent  of  a  sewage  filter  depends 
upon  the  size  of  the  material  and  the  condition  of  the  filter.  With 
filters  of  very  fine  sand  such  as  Nos.  2  and  4  it  is  probable  that 
no  bacteria  pass  through  from  top  to  bottom.  When  the  nitrifica- 
tion is  very  incomplete  and  there  has  been  considerable  storage  of 
organic  matter  in  the  sand,  the  number  of  bacteria  in  the  effluent 
frequently  increases.  These  bacteria,  however,  belong  to  one  or 
more  hardy  species  which  are  able  to  multiply  within  the  filter. 
Thus,  in  the  case  of  Filter  No.  2  in  March,  1893,  the  bacteria  in 
the  effluent  were  comparatively  high  and  were  nearly  a  pure  culture 
of  a  liquefying,  fluorescent  bacillus. 

Filters  Nos.  6  and  9  A,  when  operated  under  the  most  favorable, 
conditions,  appear  to  allow  no  bacteria  to  pass  through  from  top  to 
bottom.  When  operated  at  high  rates  of  filtration,  however,  a  very 
small  percentage  of  the  applied  bacteria,  as  a  rule,  passes  through 
the  filters. 

With  material^  as  coarse  as  those  in  Filters  Nos.  1,  5  A  and  15  B 
there  are  always  some  bacteria  which  pass  directly  through  the  filter. 
The  number  of  bacteria  decreases  as  the  distance  from  the  point  of 
application  to  the  underdrains  and  the  time  taken  to  travel  this 
distance  increases. 

With  regard  to  seasonal  efifect,  it  is  to  be  stated  that  generally 
speaking  the  winter  months  are  the  time  of  least  efficiency,  because 
the  conditions  for  nitrification  and  other  processes  are  then  least 
favorable.  When  a  filter  is  in  good  condition  it  is  possible  to  obtain 
normal  bacterial  results  in  the  winter,  and  as  most  increases  in  the 
number  of  bacteria  in  the  effluent  come  from  disarrangements  of  the 
functions  of  the  filters,  periods  of  unusually  low  bacterial  removal 
may  be  found  at  all  times  of  the  year. 
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Work  or  the  Filters  for  1893. 

The  experimental  filters  used  during  1893  for  sewage  purification 
have  been  mainly  the  ones  which  have  been  fully  described  in  pre- 
vious Reports  of  the  Board.  In  the  following  table  are  given  the 
descriptions  of  the  materials  used.  This  is  followed  by  an  outline 
of  the  history  of  each  filter  and  the  monthly  averages  of  the 
analyses. 

Construction  of  Experimental  Sewage  Filters  studied  in  1893, 


KmBSE 

or 
Ttltwm. 


Dm BSU09S  OP  FlLTBBS. 


Depth 

or 

Band. 
Incbei. 


MMn 

Diam- 
eter. 

Inctkes, 


Ana  in 
Fractions 

of 
an  Acre. 


1.. 

i.. 

SA, 

4.. 
ftA, 

6». 

7.. 

•A, 

nA» 

ISA, 

la,. 

WA, 

M.  . 
UB. 
MB, 
17  A, 

».  . 
2$.. 

n. . 
a.. 


68 

100 

00 

200 

00 

900 

00 

200 

08 

900 

44 

9M> 

44 

900 

00 

900 

00 

90 

00 

90 

08 

90 

00 

90 

08 

90 

06 

90 

66 

20 

00 

90 

00 

90 

lao 

20 

80 

IT 

80 

17 

80 

IT 

1^6 


xh 


rT,¥TnF 

TTilffTf 


SiSK  OP  Bakd. 


EffeetiTe 
SizelnMIUl- 

meterSf 
10  per  Cent 
Finer  than— 


Uni- 


Manner 
of 


formUy    ^,^^, 
denu 


.48 
.08 

.48 

.08 

.04 

1.40 

.86 

.86 

.17 
.86 
.10 
.48 
.10 
.48 
6.10 
6.10 
.17 
.17 

.48 
.17 
.17 


2.4 
9.0 

2.4 
2.0 

2.T 
2.4 

7.8 
7.8 

2.0 
7.8 
2.0 
2.4 
2.0 
2.4 
2.0 
2.0 
2.0 
2.0 

2.4 
2.0 
2.0 


In  Operation 

since  — 


Bbmaxbb. 


Wet. 
Wet. 

Wot.] 

Wet. 

Dry. 

Wet. 

Wet. 

Dry. 
Dry. 
Dry. 
Wet 
Dry. 
Wet. 
Dry. 
Dry. 
Wet. 
Wet. 
Wet. 

Dry. 
Dry. 
Dry. 


Jan.  10, 1888. 
Deo.  19, 1887. 

Jan.    6, 1800. 

Deo.  10, 1887. 
Sept.  14, 1801. 
Jan.  12, 1888. 
Jan.  14, 1888. 

Not.  18, 1800. 
B£ar.  80, 1802. 
July  26, 1802. 
Feb.  10, 1888. 
Sept.  2T,  1898. 
Feb.  10, 1888. 
Jnly  26, 1892. 
July  26, 1802. 
Jan.  28,1880. 
Jan.  28, 1890. 
Jan.    1, 1800. 

May  81,1800. 
May  81,1890. 
Deo.    6, 1891. 


Oontaina  two  trenches 
of  coarse  sand. 

Dlsoontinned  Sept.  1, 
1898. 

Contains  two  trenches 
of  coarse  sand. 


GoTored  with  16  inches 
of  loam  and  soil; 
sewage  applied  be- 
neath the  surface. 


Filled  with  clogged  ma- 
terial  from  No.  0. 


Disoontlnned  Sept.  27, 
1898. 


Contains  layer  of 

polarlte. 
Constantly  aerated. 

Constantly  aerated. 

Contains   layers    of 
marble  dnst. 


Filled  with  loam  and 
soil.  Contains  car- 
cass of  dog. 
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Filter  No.  1. 

At  the  beginning  of  the  yenr  the  surface  of  this  filter,  unprotected 
from  the  weather,  was  considerably  clogged  by  organic  matters 
stored  in  the  sand,  and  during  the  extreme  cold  weather  of  January 
the  nitrification  was  very  slight,  while  the  ammonias  in  the  effluent  lie- 
came  exceptionally  high.  The  applied  sewage,  equivalent  to  120,000 
gallons  per  acre  daily  for  six  days  in  a  week,  at  times  disappeared 
very  slowly  and  in  a  few  instances  froze  to  the  sand.  In  this  case 
the  ice  was  removed  with  a  pick  and  shovel  in  order  to  keep  the 
filter  in  action.  In  February  the  quality  of  the  effluent  improved 
somewhat,  but  was  still  poor,  owing  to  imperfect  ventilation  and 
probably  to  the  passage  of  the  sewage  through  portions  of  the  filter 
where  there  was  the  least  frost.  From  March  8  until  the  middle  of 
April,  ventilation  was  increased  by  drawing  air  through  the  §and  by 
means  of  an  aspirator  attached  to  the  outlet  pipe,  the  end  of  which 
was  trapped.  The  quality  of  the  effluent  improved  until  about  the 
first  of  May,  when  the  spring  rains  caused  the  surface  to  be  partially 
covered  for  several  days,  but  then  began  to  deteriorate,  and  on 
May  5,  4  inches  of  discolored  and  partially  clogged  sand  were  re- 
moved and  9  inches  of  fresh  material  were  added  to  bring  the  filter 
up  to  its  original  depth  of  H3  inches.  Nitrification  soon  became  high 
and  remained  so  during  the  summer  in  the  absence  as  well  as  in  the 
presence  of  aspiration.  The  ammonias  in  the  effluent  became  low  and 
it  in  to  be  stated  that  in  July  and  August  the  albuminoid  ammonia 
was  caused  in  part  by  the  presence  of  small  white  worms  which 
appeared  to  live  in  the  underdrains.  During  the  warm  weather  there 
was  a  removal,  by  nitrification,  of  considerable  organic  matter  which 
had  been  stored  in  the  sand.  In  October  the  ammonias  bec^an  to 
increase  in  the  effluent,  owing  to  the  interruption  in  the  ventilation 
caused  by  clogging,  at  the  junction  of  layers  of  old  and  new  sand. 
On  December  2,  the  surface  was  spaded  over,  12  inches  deep,  in  two 
layers  of  6  inches  each.  The  quality  of  the  effluent  improved  up  to 
the  middle  of  the  month,  when  the  very  cold  weather  interfered  with 
the  purification,  but  not  with  the  quantitative  efficiency.  The  poor- 
est result  of  the  month  was  on  December  19,  when  the  albuminoid 
ammonia  in  the  effluent  was  .2260  part.  The  cause  of  this  doubt- 
less was  that  the  sewage  passed  through  holes  in  the  frost  made  at 
the  points  where  the  warm  sewage  first  reached  the  sand. 
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Effluent  from  Filter  No.  1. 

[P>rU  per  100,000.] 


Qaan- 

tuy 
Applied. 

Oallons 
per  Acre 
Dally 
for  8lx 
Hay*  In 
a  Week. 

Tbupbka- 

TUBB. 

Dbo.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Burfhce. 

Hours  and 
Minutes. 

Arer- 

Bffe 
Depth 

of 
Frost 

Inches. 

Appbab- 

AMCB. 

Ammovxa. 

a 

g 
1 

s 

7.33 

MlTBOOBM 
AS  — 

• 

9 

1 

e 

1 

1 

1 

1 

^ 

• 

1 

Ja 

-< 

1 

• 

Bacteria  per 
Centimeter. 

1S9S. 

1 

1 

Janoaxy,    . 

120,000 

45 

84i 

3h. 

74 

Slight 

.71 

2.6000 

.2010 

.0725 

.0000 

1.66 

329,000 

February, . 

120,000 

46 

86i 

Ih. 

H 

Slight 

.47 

1.6000 

.2085 

5.83 

.2675 

.0365 

1.8R 

298,750 

Ifaroh.      . 

120,000 

484 

874 

Ih.  SOm. 

8 

Slight 

.40 

.6200 

.1042 

6.77 

1.2200 

.0894 

.72 

63,987 

April, 

120,000 

46 

484 

Ih.  80m. 

0 

V.  al. 

.29 

.1225  .0675 

6.29 

1.4675 

.0086 

.45 

37,626 

Hay,  .       . 

108,000 

56 

66 

2h.  aOm. 

0 

V.    Bl. 

.33 

.1406 

.0721 

6.69 

2.6187 

.0188 

.48 

67,626 

Jooe, . 

120,000 

60 

674 

Im. 

0 

V.   Bl. 

.29 

.0368 

.0648 

9.58 

8.2333 

.0191 

.41 

48,626 

July, .       . 

75,000 

78 

74 

Im. 

0 

None. 

.27 

.0093 

.0488 

8.11 

4.0050 

.0082 

.82 

83,000 

Aogaat,     . 

64,400 

68 

74 

Im. 

0 

None 

.19 

.0090 

.0501 

7.93 

8.6625 

.0044 

.26 

20,500 

September, 

96,200 

63 

60 

2m. 

0 

None. 

.17 

.0085 

.0296 

7.92 

3.0730 

.0059 

.26 

23,280 

October,    . 

120,000 

66 

60 

Om. 

0 

V.  al. 

.21 

.0270 

.0368 

7.94 

2.5800 

.0015 

.80 

4».600 

November, 

120,000 

46 

60 

16m. 

8 

V.    Bl. 

.39 

.4132 

.0796 

7.47 

2.1175 

.0075 

.52 

139.500 

Deoember, 

108,800 

47 

40 

Ih.  26m. 

6 

Dec. 

.61 

1.2417 

.1807 

6.64 

1.4200 

.1807 

.64 

92,000 

Sewage  applied,  600  gallona,  6  timea  a  week,  from  January  1  to  July  8;  160  gallona,  12  times  a  week, 
from  July  10  to  An^UBt  31;  200  gallons,  12  timea  a  week,  September  1  to  16;  800  gallons,  12  Umea  a 
week,  September  18  to  Deoember  1;  600  gallons,  6  tImea  a  week,  December  2  to  23;  300  gallons,  6  tlmoa 
a  week,  to  Deoember  31.  Bzperlmenta  interrupted  by  high  water,  May  5  to  8.  May  5,  4  Inches  dirty 
aand  removed  from  anrfaee.  May  11, 9  Inchea  of  new  sand  put  on  surface.  December  2,  6  inehefl  of 
Band  taken  off;  next  6  Inohee  turned  oyer,  upper  6  Inehea  replaced  and  mixed  with  sand  below. 
Air  drawn  through  sand  16  minutes  daily,  from  March  6  to  17;  12  hours  dally,  March  18  to  April  15;  6 
hours  dally.  May  11  to  July  10;  8  hours  dally,  July  81  to  September  1.  Surface  raked  about  1  Inch  deep 
eaeh  week.  During  the  winter  months  buow  was  removed  17  times  (total  depth,  62  inches);  ice 
removed  11  timea  (total  depth,  7.6  inohee). 

FiLTBB  No.    2. 

This  filter  of  fine  sand  was  badly  clogged  at  the  surface  at  the 
beginning  of  1893,  and  although  protected  by  a  canvas  cover  and 
continuing  to  give  an  effluent  of  excellent  quality  it  could  filter  but 
a  very  small  amount  of  sewage.  During  January  and  February  the 
sewage  repeatedly  froze  to  the  sand  and  the  ice  was  removed  with  a 
pick.  The  ammonias  in  the  effluent  were  very  low,  but  nitrification 
gradually  decreased  and  there  was  a  considerable  storage  of  organic 
matter  in  the  sand.  On  March  4  two  circular  trenches  two  feet  deep 
and  one  foot  wide,  one  and  a  half  and  five  feet,  respectively,  from 
the  edge  of  the  filter,  were  constructed.  These  trenches  were  filled 
with  No.  9  sand,  as  is  described  on  page  417,  and  covered  with 
boards  until  April  1.     The  applied  sewage  equivalent  to  40,000  gal- 
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loDS  per  acre  daily  for  six  days  in  a  week  disappeared  promptlj. 
The  ammoDias  and  the  Ditrates  steadily  increased  UQlil  May,  after 
which  the  ammonias  steadily  decreased  and  the  nitrates  remained 
high  during  the  entire  summer,  indicating  a  removal  of  much  oTganic 
matter  from  the  eand.  The  grass  and  weeds  which  grew  luxuriantly 
around  the  edges  of  the  trenches  were  cut  on  July  20  and  August 
31.  The  dose  was  increased  September  1  to  60,000  gallons  per 
acre,  and  the  filter  continued  to  do  excellent  work  until  the  latter 
part  of  October,  when  the  trenches  began  to  clog  and  the  increasing 
free  ammonia  in  the  effluent  indicated  that  the  ventilation  was  im- 
perfect. The  upper  two  inches  of  discolored  and  partially  clogged 
material  were  removed  from  each  trench  on  October  30  and  replaced 
with  new  sand.  This  did  not  restore  the  efficiency  of  the  filter, 
owing  to  a  clogging  at  the  bottom  of  the  trenches,  which  was 
remedied  on  December  2  by  putting  in  several  layers  of  mixed 
coarse  and  6ne  sand,  as  is  described  on  page  417.  On  December  4 
the  trenches  were  covered  with  boards.  This  treatment  restored  the 
quautitative  efficiency  of  the  filter,  and  the  quality  of  the  efflnent 
steadily  improved. 

Effluent  from  Fiiier  No.  2, 

(Parta  per  lOO/MO.] 
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Filter  No.  3  A. 

Id  January  the  prescribed  dose,  equivalent  to  60,000  gallons  per 
acre  daily  for  six  days  in  a  week,  was  taken  with  some  difficulty, 
owing  to  the  accumulation  of  organic  matter  at  and  near  the  surface. 
The  quality  of  the  effluent  was  poor  and  became  worse,  although 
the  quantitative  efficiency  was  satisfactory  in  February.  In  March 
the  ammonias  in  the  effluent  began  to  steadily  decrease,  but  the 
free  ammonia  was  still  very  high.  Nitrification  slowly  improved 
and  became  very  high  in  June  and  July,  when  there  was  consider- 
able removal  of  organic  matter  stored  in  the  sand.  The  effluent 
was  well  purified.  Early  in  August  the  surface  sand  became  clogged 
BO  that  the  sewage  remained  on  the  surface  for  twenty-four  hours. 
Oq  August  14  the  surface  was  spaded  over,  corresponding  to 
ploughing,  to  a  depth  of  six  inches,  after  which  the  applied  sewage 
disappeared  promptly.  Ventilation  was  restored  and  the  quality  of 
the  effluent,  which  had  begun  to  deteriorate,  became  good  again, 
with  the  nitrates  very  high  at  the  end  of  the  month,  when  the  ex- 
periment was  discontinued. 

Effluent  from  Filter  No.  3  A. 

[Pftrte  per  100,000.] 


Qoan- 

AppUcd. 

CkiUona 
per  Acre 
DallT 
forSfac 
DttTtln 
eWcek. 


TUBS. 

Dig.  F. 


I 


Juiury,   . 

80,900 

Febniftry, . 

00,000 

lUrch, 

ao,ooo 

Aprtl,       . 

60,000 

May,  .      . 

66,400 

Jvoe,. 

00,400 

Wy. .     . 

00/N)0 

AociMt,     . 

66,400 

46 
44 
44 
46 

60 
70 
74 
70^ 


a 


874 

86 

87 

48 

61i 
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71 

731 


Length  of 
Time 
Sewage 

Remained 

on 
Sarlkoe. 

Honraand 
Mlnatea. 


17h. 

45m. 
Ih. 

6m. 
Ih.  16m. 

64m. 

61m. 

12m. 


Aver- 
age 

Depth 
of 

Froat. 

iDchea. 


8 

7 

4 
0 
0 
0 
0 
0 


Afpkab- 

AVCB. 


None. 
None. 
V.al. 
None. 
None. 
None. 
None. 
None. 


.17 
.21 
.87 
.24; 
.17 
.13 
.06 
.05 


AamoiriA. 


I 


t 

a 
1 


1.0100 

2.4000 

2.2876 

1.2525 

.42U 

.0688 

.0886 

.0838 


.0000 
.1580 
.0675 

.0000 

I 
.0422 

I 

.0674 

I 
.0608 

.0203 


4 

a 

I 


9.02 
6.57 
5.43 
5.48 
6.18 
8.16 
11.05 
7.81 


Nmoasjf 


I 


K 


.6825 
.1460 
.2975 
1.1625 
1.7322 
8.7411 
3.8100 
2.9400 


.0216 
.0227 
.0039 
.0083 
.0038 
.0031 
.0005 
.0006 


.66 
.88 
.66 
.42 
.28 
.28 
.16 
.14 


1 


2,086 
1,656 
076 
73 
88 
12 
27 
28 


Sewafle  applied,  800  s^Uona  6  Umee  e  week.  Bzpertmenta  intermpted  by  high  weter  May  6  to  8, 
and  Kay  18  mad  10.  Bnrfaee  raked  abont  1  Inch  deep  eaeh  week.  Air  drawn  throngh  aand  16  minntea 
daily  Mereh  18  to  17;  12  honra  dally  March  18  to  April  16.  Angnat  14,  aurfaoe  apaded  6  Inehea  deep. 
Soow  and  ice  removed  January  6, 6,  7, 10, 18, 14, 16, 17,  30, 34, 26, 80, 31;  Febraary  2,  8,  4,  6, 18, 14, 18, 
21.22,24.37,  aod  March  1  and  4. 
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Filter  No.  4. 

This  filter  of  fine  river  silt  with  a  large  trench  of  coarse  sand  and 
covered  with  canvas  was  able  to  filter  sewage  at  the  average  rate  of 
40,000  gallons  per  acre  daily  for  six  days  in  a  week  until  the  early 
part  of  March.  The  ammonias  in  the  efiSiuent  were  very  low,  but  the 
nitrates  decreased  steadily  and  there  was  a  large  storage  of  organic 
matter  in  the  sand.  To  remove  the  clogging  the  upper  2  inches  of 
coarse  sand  in  the  trench  were  removed  on  March  6.  This  did  not 
remedy  matters  and  on  March  11  the  canvas  cover  was  removed, 
the  coarse  sand  dug  out  of  the  trench  and  about  I  inch  in  depth  of 
clogged  fine  sand  at  the  junction  of  the  coarse  sand  of  the  trench 
with  the  fine  sand  of  the  filter  scraped  off;  and  the  coarse  sand  was 
replaced  after  raking  the  fine  sand  to  a  depth  of  about  1  inch.  This 
treatment  did  away  with  clogging  until  the  last  of  May.  During 
this  time  the  nitrates  and  ammonias  in  the  effluent  increased.  The 
trench  failed  to  take  the  sewage  promptly  toward  the  last  of  May  and 
on  June  2  a  new  trench  was  constructed.  The  average  rate  was 
reduced  June  2  to  30,000  gallons  per  acre  daily  and  the  quality  of 
the  effluent  steadily  improved  until  the  last  of  September,  when  the 
purification  was  excellent.  The  grass  and  weeds  were  cut  on 
August  31.  Toward  the  latter  part  of  October  the  new  trench 
became  clogged  and  it  was  allowed  to  rest  and  the  old  one  used 
during  the  rest  of  the  year.  The  nitrification  decreased  in  December, 
although  the  effluent  was  very  free  from  organic  matter.  While  the 
effluent  contained  but  a  comparatively  small  amount  of  albuminoid 
ammonia  throughout  the  year,  it  is  to  be  stated  that  there  was  a  con- 
tinual storage  of  organic  matter  in  the  sand. 
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Effluent  from  Filter  No.  4. 

[ParU  per  100,000.] 


Qoan- 

Appied. 

Gallons 
per  Acre 
Dally 
for  Six 
Days  In 
A  Week. 

TSXPRBA- 
TUBI. 

DBS.  F. 

Length  of 

lime 

Sewage 

Remakied 

on 
Surface. 

Hoars  and 
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Aver- 

affe 
Depth 

of 
Frost 

Inches. 

Appbar- 

AMCB. 

Ammonia. 

7.28 

UlTXOOlUf 
AS 

d 

1 
1 

j> 

■ 

1 

1 

i 

e 

a 

1 

• 

1 

ft.  .* 

189S. 

1 

i 
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Bacteria  pe 
Centlmetei 

Janoftry,    • 

40,400 

44 

40 

24h. 

u 

None. 

.18 

.0006 

.0120 

1.1725 

.0000 

.28 

2 

Februury, . 

36,600 

44 

884 

24h. 

1 
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.17 
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8.75 
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.24 

0 

March,      . 
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42 

874 
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0 

None. 

.21 

.0401 

.0458 

4.70 

.2840 

.0001 

.44 

280 

April, 

41,600 

43i 

41 

21h. 

0 

None. 

.82 

.2750 

.0495 

4.52 

.6850 

.0015 

.50 

27 

May,  .       . 

88,000 

57 

504 

12h. 

0 

None. 

.84 

.2289 

.0449 

4.62 

.8457 

.0068 

.48 

22 

Jane,. 

28,000 

09 

624 

lh.80m. 

0 

None. 

.31 

.1862 

.0486 

7.24 

.8144  .0060 

.45 

27 

Jnly,  . 

80,000 

744 

664 

27m. 

0 

None. 

.26 

.1475 

.0480 

7.90 

1.4050 

.0155 

.46 

00 

Angoat,     . 

28,800 

»4 

70 

25m. 

0 

None. 

.29 

.1625 

.0395 

9.01 

2.0225 

.0074 

.45 

19 

6«piemb«r« 

80,000 

68 

654 

47m. 

0 

None. 

.22 

.0210 

.0290 

9.28 

2.1660 

.0082 

.81 

20 

October,    . 

29,400 

66 

02 

lh.20m. 

0 

None. 

.14 

.0020 

.0149 

8.20 

8.1025 

.0002 

.21 

18 

NoTeiBb«r, 

29,200 

45 

524 

6h. 

0 

None. 

.14 

.0014 

.0134 

7.27 

2.7060 

.0001 

.20 

11 

Deeember, 

28,600 

46 

44 

!l8h. 

1 

1 

None. 

.18 

.0019 

.0191 

5.79 

1.5775 

.0002 

.21 

42 

Sewmge  aippHed,  400  gmllona,  8  times  a  week  until  May  12;  200  gallons,  6  times  a  week,  May  18  to  Jane 
1;  300  gallona,  8  times  a  week,  Jane  2  to  December  22;  150  gallona,  6  times  a  week,  December  22  to  81. 
Surface  protected  by  canvas  oover  till  March  11 ;  tank  covered  with  boards,  December  4.  Experiments 
interropted  by  high  water.  May  5  to  8  and  Hay  18  and  19.  Surface  of  trench  raked  about  1  inch  deep 
caeh  week.  May  6, 8  to  4  inches  of  turf  removed  from  aurface  outside  of  trench.  July  31,  entire  fiurface 
raked  over.  March  6, 2  inobee  of  dirty  sand  removfd  from  trench.  March  11,  coarse  sand  taken  out  and 
replaced  after  acraping  ^  inch  from  fine  sand.  June  2,  a  new  trench  dug  1  foot  inalde  of  old  trench,  1 
foot  wide  and  2  feet  deep,  and  flUed  with  coarse  sand.  New  trench  used  Jane  2  to  October  80.  August 
81,  gxase  and  weed*  on  surface  eat. 

FiLTEB  No.   5  A. 

This  filter  of  fine  gravel  stones  without  sand  received  sewage  in 
Janaary  and  February  in  single  doses  equivalent  to  120,000  gallons 
per  acre  daily  for  six  days  in  a  week.  The  surface  was  unprotected 
from  the  weather  and  with  a  few  exceptions  the  sewage  disappeared 
promptly.  The  nitrification  was  incomplete  and  the  ammonias  in 
the  effluent  were  very  high.  This  was  probably  owing  to  a  certain 
extent  to  the  passage  of  the  sewage  through  the  portion  of  the  filter 
near  the  point  of  application  and  where  there  was  the  least  frost. 
In  March  the  quality  of  the  effluent  improved,  owing  in  part  to  the 
fact  that  the  sewage  was  applied  in  three  doses  daily,  and  partly  to 
increased  ventilation  by  aspiration.  In  April,  without  aspiration,  the 
effluent  continued  to  improve  in  quality,  and  in  May  there  was  a 
removal  of  organic  matter  from  the  sand.     The  filter  became  clogged 
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in  the  early  part  of  June,  at  a  point  just  below  that  reached  in  the 
weekly  raking,  to  a  depth  of  1  inch.  This  was  remedied  by  raking 
to  a  depth  of  2  inches.  The  purification  was  very  good  for  this 
material  in  July  and  a  part  of  August ;  but  sub-surface  clogging 
appeared  again  in  September,  and  the  surface  was  spaded  over,  6 
inches  deep,  corresponding  to  ploughing,  on  September  15.  Oa 
October  30  the  rate  was  increased  to  160,000  gallons  per  acre  daily, 
applied  in  eight  doses  daily  for  six  days  in  a  week,  and  there  was  no 
marked  deterioration  in  the  quality  of  the  effluent  until  the  last  of 
November,  when  the  filter  became  clogged  again  beneath  the  surface. 
Two  iuches  of  discolored  and  partially  clogged  gravel  were  removed 
on  December  2,  and  the  surface  spaded  over,  6  inches  deep.  la 
December  the  applied  sewage,  equivalent  to  120,000  gallons  per 
acre,  was  taken  readily,  but  the  nitrification  was  incomplete  and  the 
ammonias  in  the  effluent  were  very  high  during  the  maximum  flow. 

Effluent  from  Filier  2^,  6  A, 

[ParU  per  100,000.] 


Qaan- 

Appiicd. 

Gallons 
per  Acre 
DallT 
for  Six 
DajTsln 
a  Week. 

Tbmpbba- 

TUBS. 

Length  of 

Time 

Sewage 

Bemalned 

on 
Snrftoe. 

Honrsand 
Mliiates. 

Arer- 

age 
Depth 

of 
Frost 

Inches. 

Appbab- 

AXOB. 

AXXOKXA. 

4 
6.01 

NITBOOBX 

AM 

• 

1 

a 

1 
1 

Dbo.  F. 

1 

• 

§ 

1 

j 

• 

1 

s 

• 

1S98. 

1 

1 

S 

'1 

15 

a 

January, . 

116,400 

48 

86 

Ih. 

9 

Dec. 

.07 

1.7060 

.2286 

.6676 

[ 

.0073 

'         [ 
1.45887,500 

Febmary, 

110,000 

42 

86 

lb.  27m. 

T 

Deo. 

.46 

1.8826 

.2670 

8.81 

.8050 

.O19o!l.47'468,7S0 

II        1 

March,     . 

120,000 

40 

874 

Ih. 

6 

v.  el. 

.28 

.6826 

.1880 

6.29 

1.64S0j.0163 

.78'419,8;5 

April,      . 

120,000 

46 

46 

60m. 

0 

V.el. 

.80 

.8460 

.1127 

6.07 

1.8112.0115 

1 

.61 150,000 

May.        . 

102,900 

64 

644 

- 

0 

V.il. 

.18 

.0871 

.0649 

6.92 

2.7600 

.0026' 

.26  46,750 

June, 

120,000 

67 

67 

- 

0 

V.el. 

.67 

.8071 

.0762 

9.82 

1.6033  .0030' 

.47   ao.500 
.26!  43,7S0 

July, 

100,200 

72 

78 

- 

0 

V.el. 

.24 

.0116 

.0660 

9.20 

1.9960.0063 

Augnat,  • 

112,000 

004 

78 

18m. 

0 

V.el. 

.22 

.0446 

.1040 

10.69 

2.3600  .0057 

.45 

42.000 

September, 

120,000 

00 

AB 

27m. 

0 

Deo. 

.62 

.8876 

.0691 

7.90 

2.0000.0244 

.68  107.600 

1 

October, . 

128,000 

66 

604 

21m. 

0 

Deo. 

.20 

.1284 

.0648 

7.68 

2.6400  .0045 

.85.388.730 

November, 

100,000 

46 

40 

40m. 

0 

Dec. 

.26 

.8826 

.0170 

7.65 

2.6425 

.0070 

.80122,250 

December, 

120,800 

42 

40 

26m. 

T 

Dee. 

.76  1.7688 

li 

.2867     6.86 
li 

1.4240  .0520  |l.57S41,506 

1                  » 

Sewage  applied,  600  gallons,  6  times  a  week  until  Bfaroh  6;  200  gallona,  18  Umee  a  week,  March  7  to 
October  28 ;  100  gallons,  48  times  a  week,  October  80  to  December  2 ;  600  gallons,  6  tlmee  a  week,  I>eccm- 
ber  2  to  11;  300  gallons,  12  tlmee  a  week,  December  12  to  14;  600  gmllone,  6  times  a  week,  December  15 
to  22;  800  gallons,  18  times  a  week,  December  28  to  81.  Ezperimente  Intermpted  by  high  water.  May 
6  to  8  and  May  18  and  19.  Surface  raked  1  inch  deep  each  week.  Jane  12,  enrface  raked  8  indies 
deep.  Surface  spaded  6  Inches  deep  September  15  and  December  2.  Two  inches  dirty  graTcl  removed 
from  surface  December  2  Air  drawn  through  sand  fifteen  mlnntee  dally,  March  Oto  18;  two  hoarti 
three  times  daily.  May  8  to  September  1.  Snow  removed  during  the  winter  months  23  times  (70  inelMS 
total  depth) ;  ice  removed  9  times  (2.9  inches  total  depth). 
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Feltee  No.  6. 

This  filter,  44  iDches  in  depth  of  mixed  coarse  and  fine  sand  and 
uDprotected  from  the  weather,  received  sewage  at  the  beginning  of 
1893  at  the  rate  of  70,000  gallons  per  acre  daily  for  six  days  in  a 
week.  Owing  to  a  storage  of  organic  matter  in  the  surface  sand  the 
sewage  on  very  cold  days  froze  to  the  sand,  and  it  was  necessary  to 
omit  some  doses  in  January  and  to  remove  the  ice  in  places  with  a 
pick  and  shovel  in  order  that  the  filter  might  be  kept  in  action. 
Nitrification  was  very  incomplete  in  January  and  the  ammonias  in 
the  efiiuent  were  high.  The  quantitative  efficiency  was  satisfactory 
in  February,  but  the  effluent  deteriorated  in  quality,  owing,  in  part, 
to  the  fact  that  the  oxidation  and  nitrification  functions  were  thrown 
out  of  adjustment  by  the  unfavorable  conditions  of  the  preceding 
weeks,  but  chiefly  to  the  passage  of  the  sewage  through  holes  in  the 
frost.  In  March  and  April  the  filter  steadily  improved,  while  from 
May  to  August,  inclusive,  the  effluent  was  very  well  purified  and 
moreover  there  was  a  removal  of  a  large  amount  of  organic  matter 
which  had  been  stored  in  the  sand.  On  July  11  the  quantity  of 
sewage  applied  to  the  filter  was  increased  to  90,000  gallons  per 
acre  daily.  Surface  clogging  appeared  early  in  September,  and  on 
September  25  the  upper  2  inches  of  discolored  and  partially  clogged 
sand  were  removed  and  replaced  with  fresh  material.  The  filter  did 
good  work  again  until  the  last  of  November,  when  a  clogging  oc- 
curred at  the  junction  of  the  old  and  new  sand,  as  is  described  on 
pages  413  and  414.  This  was  remedied  on  December  2  by  spading 
the  surface  to  a  depth  of  6  inches.  A  canvas  cover  was  put  on 
December  4.  The  purification  was  quite  incomplete  during  the  first 
half  of  December,but  there  was  a  gradual  improvement  during  the 
last  half  of  the  month. 
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Effluent  fnm  FUter  No.  6, 

[Parta  par  100,000.] 


Qaan- 

ilty 
Applied. 

Gallons 

per  Acre 

Dally 

for  Six 

Days  in 

a  Week. 

Tkmfbra- 

Tusa. 

DU.F. 

Length  of 

Time 

Sewage 

Remained 

on 
Sarface. 

Hooraand 
Minotea. 

Ayar- 
age 

Depth 

of 
Frost. 

Inebea. 

Apprab- 

ANCK. 

Ammonia. 

8.40 

NlTBOOBH 

Aa 

• 

1 

9 

6 

3 

1 

1 

i 

• 

i 

S 
1 

i 

s 

Bacteria  per 
Centlmatar. 

189S. 

1 

i 

January,  • 

38,000 

46 

884 

24m. 

0 

V.  al. 

.20 

1.1860 

.0826 

.8325 

.0230 

.74 

17,275 

Febrtiary, . 

87,000 

44 

844 

Ih.lSm. 

7 

V.  al. 

.80 

1.7760 

.1775 

6.86 

.1775 

.0241 

.80 

50,935 

March, 

70,000 

42 

38 

60m. 

6 

V.  al. 

.24 

1.6026 

.1040 

4.02 

1.2962 

.0461 

.68 

18J29 

April. 

70,000 

44 

444 

6m. 

0 

V.  al. 

.10 

.8662 

.0567 

6.22 

2.8187 

.1533 

.46 

5,145 

May, . 

60,000 

54 

68 

8m. 

0 

None. 

.14 

.0117 

.0384 

6.12 

3.6060 

.0005 

.24 

4,948 

Jnne, 

70,000 

67 

054 

10m. 

0 

None. 

.13 

.006a 

.0360 

10.26 

3.9700 

.0002 

.21 

2,n5 

July, . 

76,800 

72 

724 

6m. 

0 

None. 

.08 

.0048 

.0367 

0.09 

2.88S3 

.0181 

.10 

10,600 

Anguat,    . 

88,000 

70i 

78 

14m. 

0 

V.  al. 

.11 

.0246 

.0316 

0.52 

2.3125 

.0406 

.20 

10,640 

September, 

86,600 

04 

68 

4h.80m. 

0 

None. 

.15 

.0966 

.0362 

7.88 

1.4100 

.0844 

.27 

3,732 

October,    . 

00,000 

67 

61 

S6m. 

0 

None. 

.10 

.0666 

.0284 

8.10 

3.6825 

.0U3 

.18 

8,765 

November, 

86,600 

44i 

47 

Ih. 

0 

V.  al. 

.14 

.0477 

.0284 

6.10 

2.5140 

.0741 

.27 

5,802 

December, 

77,600 

43 

40 

12m. 

1 

V.  al 

.27 

.6800 

.0820 

6.79 

1.2720 

.?iool 

.80 

1 

12.840 

Sewage  applied,  350  gallona.  6  timea  a  week,  until  July  10;  450  gallona,  6  timea  a  week,  July  11  lo 
December  21;  260  gallona,  6  timea  a  week,  December  22  to  31.  Ezperimenu  interrupted  by  high  water 
May  5  to  8  and  May  18  to  20.  Surface  raked  about  1  inch  deep  each  week.  September  25,  about  2 
inchea  of  dirty  aand  acraped  off  and  replaced  by  new  material.  December  2,  anrface  apaded  6  Inebea 
deep.  Canvaa  cover  put  on  December  4.  bnow  removed  during  the  winter  montha  17  timea  (63  Inches 
total  depth) ;  ice  removed  10  timea  (14.5  Inchea  total  depth). 

Filter  No.  7. 

Sub-surface  Application  of  Sewage. 

This  filter  codtains  44  inches  of  mixed  coarse  and  fine  sand  like 
that  in  No.  6,  above  which  are  10  inches  of  loam  and  6  inches  of 
soil.  The  sewage  is  applied  in  a  circular  pipe  6  inches  in  diameter 
and  18  inches  below  the  surface,  with  open  joints  every  2  feet. 
At  the  beginning  of  the  year  the  inlet  to  this  pipe  was  trapped. 
After  cleaning  and  relaying  this  pipe  in  October,  1892,  the  sewage 
was  applied  without  difficulty  during  the  winter  months  at  the  rate 
of  40,000  gallons  per  acre  dally  for  six  days  in  a  week.  The  nitri- 
fication was  very  incomplete  and  the  effluent  contained  very  high 
free  ammonia.  It  was  thought  that  the  ventilation  was  interfered 
with  by  the  rain  and  melted  snow  which  accumulated  upon  and  at 
times  froze  to  the  surface.  On  March  15  the  quantity  of  sewage 
was  reduced  to  20,000  gallons,  but  nitrification  disappeared  entirely 
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and  a  redncing  action  Bet  id,  flbowing  that  the  filter  was  overdosed. 
The  applicatioD  of  sewage  was  stopped  on  April  17  and  the  sub- 
surface pipe  dug  np  April  26.  Is  places  the  accnmulated  sludge 
more  tbao  half  filled  the  pipe.  Analyses  showed  that  this  sludge 
was  equivalent  to  75  per  cent,  of  the  insoluble  albuminoid  ammooia 
applied  since  the  pipe  was  last  cleaned.  The  pipe  was  relaid  with- 
out the  trap  on  July  8  and  sewage  applied  at  the  rate  of  40,000 
galloDS  per  acre  daily  for  six  days  in  a  week.  The  pipe  gradually 
clogged  and  the  full  dose  could  not  be  applied  after  December  1. 
The  nitrification  was  very  high  in  July,  indicating  a  removal  of 
stored  organic  matter,  but  became  incomplete  in  August.  Venti- 
lation was  increased  by  aspiration  after  September  1  and  the  quality 
of  the  effluent  improved  and  remained  very  satisfactory  throughout 
the  year. 

For  a  summary  of  the  information  obtained  from  the  experiments 
upoD  the  sub-surface  application  of  sewage  see  page  425. 

Effltunt  from  Filter  No.  7. 

[Part*  par  100,000.1 


Sm««  ipplled,  200  galloH, «  tlm«  m  wwk  Ull  llareb  10;  100  gdlou,  t  llm«  m  w«t,  HsRh  II 
uApfU  U.  tCoDa  applied  Apill  IT  Id  JuljrBi  100  giDona,  0  UmM  k  w««k,  July  10  la  Not.  ID,  afui 
■hkb  Ih*  qwuiiliy  wtatcb  msM  b«  tpptkd  dcanutd  lo  Iw  tlun  MO  galloiu  m  wwk.  April  M,  dnlo 
pip«  mXFf«d  uid  elaaDfd.  nplacwl  wlthoDt  utpmt  lolatt  July  S.  AlrdnvD  ihrODsh  dltar  tirviv*  faoun 
ach  day,  Bapumber  I  to  Ociobar  10.  Air  drawn  cwuUiiUj  throuih  tba  SlMr  tram  Ootobci  IB  le 
Sorambu  IT,  and  from  Daaanlm  3  to  Dawmbar  n. 
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Filter  No.  9  A. 

This  filter  was  protected  from  the  weather  by  a  canvas  cover  and 
took  sewage  without  difficulty  at  the  rate  of  120,000  gallons  per 
acre  daily  for  six  days  in  a  week.  The  surface  was  not  raked,  but 
scraped  when  necessary,  to  relieve  clogging.  The  quality  of  the 
effluent  deteriorated  during  January,  but  began  to  steadily  improve 
in  the  latter  part  of  February.  On  March  6  the  canvas  was  removed 
and  the  surface  scraped.  During  April,  May  and  June  the  effluent 
was  very  well  purified  and  there  was  a  removal  of  organic  matter 
stored  in  the  sand.  The  purification  remained  satisfactory  until 
November,  when  sub-surface  clogging  appeared.  The  results  ob- 
tained upon  this  filter  which  are  presented  below  are  discussed  on 
page  414. 

Effluent  from  FiUer  No.  9  A. 

[Parte  per  100,000.] 


189S. 


Qaan- 

Applied. 

Oalloni 
per  Acre 
Dallr 
for  Six 
Uavila 
a  Week. 


TCMPKBA- 
TDIUE. 

Dbo.  F. 


«2 

s 


JaDoary,   • 

120,000 

*A\ 

February, . 

iao,ooo 

44 

Maroh,       . 

120,000 

42 

April, 

120,000 

45 

May,  . 

07,800 

68 

Jane,  • 

120,000 

08 

July, . 

118,000 

71 

August,     . 

100,800 

70 

September, 

110,800 

68 

October,    . 

114,400 

ft6 

November, 

101,000 

46 

December, 

07,000 

46i 

864 

86 

88 

441 

64 

67 

72 

72 

67i 

60 

48 

38 


Lenffth  of 

Time 

Sewage 

Bemained 

on 
Sorfece. 

Hoonand 
MJnatei. 


Arer- 

age 
Depth 

of 
Frost 

Inches. 


8h. 

6b.  80m. 
8h. 

40m. 

6Sm. 

46m. 
I8h. 

6h.  80m. 
lOh. 

16h.  80m. 
8h.l6m. 


8 
8 

I 

0 
0 
0 
0 
0 
0 
0 
0 
6 


Appbab- 

ANCB. 


3 
I 


V.Bl. 
V.Sl. 

None. 
None. 
None. 
None. 
None. 
None. 
None. 
None. 
SUght 
Dee. 


o 
o 


.36! 
.40 
.10 
.00 
.09 
.10 
.12 
.06 
.19 
.11 
1.00 
.60 


AXMOHZA. 


I 


•s 

a 


1.5400 

1.4650 

.4135 

.0078 

.0060 


.1216 
.1800 
.0419 
.0267 
.0199 


g 


.0228'. 0204 
.0263.0802 


.0048 

.1282 

.0680 

2.6776 

2.4433 


.0109 
.0406 
.0256 
.1180 
.1240 


9.76 
6.98 
5.74' 
6.07 
'5.86 
9.98 
8.84 
8.45 
7.71 


NiTBOOBK 

AS 


SB 


8 


.8850 
.4975 
1.4788 
2.5425 
3.2775 
3.6240 

2.0433 

I 
2.5060 

2.2260 


8.00  2.8575 


8.25 
6.07 


.8500 
.9800 


.0044 
.0115 
.0083 
.0001 
.0004 
.0000 
.0009! 


I. 


a 

s 

s 

a 

a 
ft 

I 


a 

n 


.65'a9,600 


.79 
.29 
.22 
.19 
.10 
.18 


ii 


TS,T50 
8,767 
8,875 


.0078' 


.00011  .16 
27 

.00091  .18 
.0088  1.04 


.0190 


004 
8,750 

547 
1,«77 
2,887 
0,175 


.60,I5»7S7 


I,    I 


Sewage  applied,  600  gallons,  6  times  a  week  until  December  22,  when  800  gallons  began  to  be  applied 
6  times  a  week.  Surface  protected  by  canvas  cover  till  March  7.  Dirty  sand  scraped  from  aurface 
March  7,  March  14,  April  24,  July  81,  September  1,  September  28,  October  21,  November  6, 16, 18,  SO, 
21, 22.  Filter  restored  to  original  depth  with  dean  sand  March  14,  September  25.  The  sand  rcmoT«d 
November  16  to  22  with  i  Inch  of  new  sand  replaced  December  2.  Bzperlmenta  loterraptad  by  high 
water  May  18  to  20.    Weeds  cut  July  18,  and  pulled  up  July  3L 
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FiLTEB  No.    11  A. 

This  filter  contains  5  feet  of  mixed  coarse  and  fine  sand  which  had 
become  clogged  and  had  l)een  removed  from  the  surface  of  Filter  No. 
6.  Sewage  was  applied  at  the  rate  of  60,000  gallons  per  acre  daily  for 
six  days  in  a  week.  The  ef9aent  was  well  purified  during  the  winter 
but  began  to  deteriorate  the  later  part  of  March,  and  nitrification 
decreased  steadily.  This  was  caused  by  incomplete  ventilation  as 
the  scum  at  the  surface  was  too  thick  to  dry  and  crack  between 
doses.  Aspiration  was  tried  in  July  and  gave  some  relief,  but  to 
insure  permanent  improvement-  the  upper  3  inches  were  removed  on 
August  16,  and  aspiration  tried  until  September  22.  The  effluent 
was  very  well  purified  in  September  and  showed  a  removal  of  organic 
matter  stored  in  the  sand.  The  quality  of  the  effluent  remained 
satisfactory  through  the  rest  of  the  year  in  the  absence  of  aspiration. 

For  a  discussion  of  this  experiment  see  page  426. 


Effluent  frcm  FiUer  No.  11  A. 

[PAitB  per  100,000.] 


Qnantltj 
Applied. 

QaUooi 

per  Acre 

tor  Six 

Days  In  a 

Week. 

TaxntA- 
Tuaa. 

Dao.  F. 

Length  of 

Ttane 

Sewage 

BenuUned 

on 
Snrfiice. 

Honn  and 
Mlnutea. 

1 
AppaABAVca.  1 

1 

AXMOVXA. 

6 

8.18 

KiTBOoaa 

a 

a 

s 

3 

1 

■ 

1 

J 

a 

< 

1 

s« 

i8»a. 

1 

s 

p 

60,000 

48 

4U 

701. 

V.allgfat. 

.29 

.0288 

.0680 

1.8660 

.0081 

.89 

78,600 

February,    . 

00,000 

tf4 

m 

Oin. 

V.aUffat. 

.80 

.0886 

.0670 

6.04 

1.9960 

.0082. 

.40 

116,000 

Marcb, .       . 

60,000 

4S 

43i 

4m. 

V.  Blight. 

.26 

.0080 

.0660 

6.68 

1.0060 

.0008 

.40 

17,026 

April,    . 

60,000 

46 

4t 

7m. 

v.  alight 

.81 

.1600 

.0660 

6.80 

1.90OO 

.0022 

.47 

44,000 

May,     .       . 

40,600 

63 

68 

- 

V.allght. 

.81 

.1647 

,0703 

6.97 

1.2883 

.0016' 

1 

.48 

42.000 

Jane,    . 

60,000 

66 

61 

6m. 

Slight. 

1.17 

1 

.3050 

.0810 

9.82 

.6150 

.0035 

.64 

48,000 

Jaly,     . 

60,000 

71 

68 

9m. 

Decided.  1.8l! 

.1600 

.0050 

8.68 

.6450 

.0070. 

.65 

56,500 

Angnst, 

60,000 

70 

70 

Om. 

Slight. 

.70l 

.0060 

.0880 

9.90 

.7200 

.ooio' 

1.16 

46,000 

SepiembOT,  . 

60,000 

68 

61 

Urn. 

Decided. 

.40 

.0260 

.0620 

10.76 

3.1050 

.0021 

.46 

11,690 

October, 

60,000 

66 

66 

8m. 

Decided. 

.86 

.1107 

.0673 

8.96 

2.1800 

.0087 

.85 

41,067 

NoTember,  . 

60,000 

46 

m 

12m. 

Decided. 

.85 

.0480 

.0460 

9.64 

2.7200 

.0030 

.83 

46,500 

December,  . 

60,000 

41 

44 

16m. 

Decided. 

.20 

.0460 

.0660 

6.34 

1.9700 

.0035 

1 

.37 

53,000 

Sewage  applied,  8  gallona,  6  tlmee  a  week.  Surface  raked  8  Inchea  deep  each  week.  Air  drawn 
through  eand  from  Jnly  10  to  20;  eighteen  honra  a  day  July  81  to  Augaat  81,  and  eontinnonaly  Sep- 
tember 1  to  22.  ExperlmeoU  intermpted  by  high  water  March  16,  May  6  to  8  and  18  to  20.  Aogaat  14, 
8  inehea  removed  from  aurface. 
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Filters  Nos.  12  A,  15  B  and  16 B. 

Filter  No.  12  A  contains  60  inches  in  depth  of  fine  sand,  and  has 
received  the  effluents  of  Filters  No.  15  B  and  16  B  which  are  filled 
with  coarse  gravel.  An  aspirator  was  attached  to  No.  15  B  on 
March  18,  and  to  No.  16  B  on  January  16.  The  rate  of  filtratioD 
has  been  very  high  for  each  of  these  filters  —  equivalent  to  480,000 
gallons  per  p.cre  daily  for  six  days  in  a  week,  for  the  last  seven 
months.  The  surfaces  of  these  gravel  filters  were  not  disturbed 
until  July,  1893,  about  a  year  after  they  were  first  put  in  operation. 
They  were  raked  3  inches  deep  once  a  week  after  September  1,  and 
daily  after  October  26.  The  quality  of  the  effluent  was  found  by 
series  of  analyses  to  be  closely  dependent  upon  the  current  of  air 
drawn  through  the  gravel.  Toward  the  end  of  the  year  it  was 
found  that  the  ventilation  was  less  complete  than  usual,  owing  to  a 
leak  around  the  outlet  pipe.  This  doubtless  explains,  to  a  great 
extent,  the  deterioration  in  the  quality  of  the  effluent  and  also  the 
<;logging  of  the  gravel,  which  necessitated  raking  on  several  occasions 
to  a  depth  of  6  inches. 

The  effluents  of  these  gravel  filters  were  uniformly  well  purified  by 
N^o.  12  A,  when  operated  at  a  rate  of  960,000  gallons  per  acre  daily 
for  six  days  in  a  week.  Since  March  24  the  surface  has  been 
scraped  when  necessary  to  relieve  clogging,  and  has  not  been  raked. 
It  was  scraped  on  an  average  once  in  five  days,  and  the  average 
depth  removed  was  0.24  inch.  The  removed  sand  was  washed  and 
replaced.  To  do  away  with  sub-surface  clogging  the  filter  was 
raked  to  a  depth  of  6  inches  on  September  27,  December  12  and  27. 
The  deterioration  in  the  quality  of  the  effluents  of  Filtei*s  No.  15  B 
and  16B  in  December,  began  to  make  itself  apparent  toward  the 
end  of  the  year,  in  the  operation  of  this  filter. 

These  results  are  discussed  on  page  422. 
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Effluent  from  Filter  No.  12  A. 

pParU  p«T  100,000.] 


Qoanti^ 
AppUed. 

Tbxpbba- 
Yuan. 

Length  of 
Time 

Appxabaxck. 

Amxcnia. 

NiraooBH 

AS 

1 

(5  . 

^.^^ 

Dbo.  p. 

Sewage 
Bemalned 

Oalloni 

• 

1 

2 

fcS 

1M«. 

per  Acre 

on 

^ 

• 

P 

UalW 
forMz 

$ 

Surface. 

•M 

« 

G 
1 

i 

5 

I 

Dayibia 
Week. 

^ 

9 

s 

Hoars  and 

X 

j2 

1 

^ 

c 

% 

§ 

«o 

2 

Ulnntes. 

H 

O 

:3 

s 

6.10 

S 

S 

a"" 

Jtnnary,     . 

480.000 

48 

46 

26m. 

None. 

.14 

.0119 

.0284 

1.4860 

.0001 

.21 

6.622 

February,   . 

642.000 

48 

46 

36m. 

None. 

.12 

.0013 

.0261 

6.47 

1.4425 

.0000 

.21 

6,919 

March, 

006,000 

44 

46 

83m. 

None. 

.12 

.0130 

.0838 

6.48 

1.6660 

.0003 

.29 

1,126 

April,  .       . 

730,000 

47 

»4 

Ih.  20m. 

V.  Blight. 

.22 

.0067 

.0470 

6.61 

1.7626 

.0002 

.30 

9.026 

May.    .       . 

058,000 

64 

64 

- 

None. 

.22 

.0033 

.0406 

6.81 

1.8776 

.0008 

.30 

900 

Jnoe,  •       • 

1,073,000 

63 

63 

87m. 

None. 

.22 

.0037 

.0264 

9.41 

1.6900 

.0000 

.28 

346 

July.   .       . 

900,000 

70 

68 

Ih.  14m. 

None. 

.19 

.0038 

.0292 

8.12 

1.6660 

.0002 

.28 

121 

Augnat, 

960,000 

68 

68 

Ih.  24m. 

None. 

.15 

.0036 

.0267 

7.72 

1.6180 

.0000 

.26 

76 

Beptember, . 

960,000 

60 

60 

Ih.  12m. 

None. 

.13 

.0014 

.0306 

9.90 

1.8600 

.0001 

.22 

347 

October,      . 

060,000 

66 

66 

Ih.  80m. 

None. 

.12 

.0027 

.0211 

7.76 

1.3760 

.0001 

.21 

129 

Norember, . 

960.000 

48 

60 

Ih.  80m. 

None. 

.17 

.0049 

.0191 

18.92 

1.2976 

.0002 

•24 

136 

]>eceaib«r,  . 

960,000 

44 

46 

2h.  10m. 

1 

None. 

.18 

.0680 

.0266 

6.06 

1.2820 

.0020 

.27 

894 

Effluent  of  Filters  Nos.  16  and  16  applied  6  days  a  week,  aa  follows:  24  gallons  till  Febmary  12; 
30  gallons,  February  18  to  Maroh  17;  86  gallona,  March  18  to  May  18;  48  gallons.  May  16  to  Jane  10;  60 
gallons,  Jane  12  to  26;  48  gallons,  Jane  26  to  December  31.  ExperlmenU  interrapted  by  high  water 
March  16  to  17,  May  4  to  9,  May  18  to  31.  Barfaoe  raked  to  a  depth  of  about  8  Inches  once  a  week 
notil  March  34.  Barfaoe  seraped  and  sand  of  previoos  scraping  (after  washing)  replaced  on  following 
dates:  March  34,  April  11.  May  U,  36,  June  13, 16, 19,  20,  21.  84,  29.  July  4,  6, 11, 14, 18,  20. 29.  August  8, 
18. 30.  Septemher  6, 9,  IS,  16, 19, 30, 38. 26, 37,  October  86,  November  18,  December  2,  7, 27.  Spaded  6 
Inches  deep  September  27,  December  10  and  27. 


Effluent  fr<ym  Filter  No.  IS  B. 

[Parts  per  100.000.] 


Qaantl^ 
Applied. 

Tbkphul- 

TDBM. 

Length  of 

Tune 
Sewsge 

AFrSABAKOB. 

AXMOVXA. 

NiTBOOBK 

AS 

1 

1 

' 

Dbo.  F. 

. 

IS 

%i 

fljatlAnft 

RiiinatnMl 

s 

(3 

last. 

per  Acre 

Dally 

forSbc 

Days  In  a 

Week. 

1 

4i 

1 

on 
Sarflice. 

Hours  and 
Minutes. 

• 

1 

1 

■5 

a 

1 
< 

• 
1 

6.60 

9* 

i 

s 

5 
1 

Bscteria  pi 
Centlmel 

J»nuary,    . 

840,000 

48 

42 

Decided. 

.80 

1.0460 

.1280 

.0460 

.0002 

.85 

470,000 

February,  . 

340,000 

4H 

43^ 

. 

Decided. 

.47 

1.0S76 

.1360 

6.85 

.0360 

.00041 

.93 

273,000 

March,       . 

274.000 

48 

44 

87m. 

Decided. 

.55 

.8675 

.1500 

6.37 

.6676 

.0005 

1.05 

177,760 

April,.       . 

860,000 

46 

48 

11m. 

Decided. 

.46 

.4000 

.1610 

6.21 

1.8676 

.0290 

.94 

330,000 

May.   .       . 

826,000 

68 

«H 

» 

Slight. 

.41 

.2560 

.1146| 

6.97 

1.2600 

.0242 

.66 

103.500 

June,  .       . 

686.000 

66 

68 

16m. 

V.sllght. 
Decided. 

.89 

.6790 

.1633 

10.22 

1.2033 

.0173 

.81 

117,166 

Ji>ly.  .       . 

480.000 

71 

60 

10m. 

1.31 

1.2550 

.2407' 

8.46 

.8122 

.0177 

1.15 

421,200 

August,       . 

480,000 

70 

68 

24m. 

V.sllffht. 

.64 

.3336 

.0908 

9.42 

1.4700 

.01361 

.56 

70,800 

Beptember, 

480,000 

68 

60 

S8m. 

Decided. 

.61 

.3600 

.1165 

12.80 

1.2826 

.06001 

.63 

64,050 

October,     . 

480,000 

66 

^ 

Ih.  80m. 

Decided. 

.46 

.4350 

.1240 

9.66 

1.6426 

.0275' 

.65 

132,000 

Soveoiber,. 

480.000 

45 

60m. 

Decided. 

.61 

.62U0 

.1010 

14.09 

1.0926 

.0362 

.67 

137,000 

December, . 

489,000 

41 

45 

Ih. 

D    ided. 

.61 

1.1600 

.1784 

6.06 

.6440 

.0116     .97 

209,200 

Sewage  applied,  8  gallons  34  times  a  week,  till  Maroh  16;  8  gallons  86  times  a  week,  March  18  to 
May  18;  4  gaEoBs  36  times  a  week,  May  16  to  June  10;  6  gallona  36  times  a  week.  June  12  to  26;  4 
galloBs  36  timss  a  week,  Jane  86  to  Oetober  82;  8  gallons  73  times  a  week,  October  38  to  December  81. 
KxperiBMBta  interrapted  by  high  water  Maroh  16  to  17.  May  4  to  9.  May  18  to  31.  Air  drawn  through 
irarel  from  March  18  to  Jnly  10,  and  from  July  15  to  December  31.  Surface  raked  3  inches  deep  4  times, 
July  28  to  September  1.  and  each  week  from  September  1  to  October  86;  8  inches  deep  daily.  October  26 
to  Kcfember  27,  after  which  snrfaee  was  raked  from  6  to  10  Inches  deep,  as  follows :  6  inches  deep  on 
KoTcnber  28, 89, 80,  Deeember  1, 8,  11, 15  and  16;  8  inches  deep  December  8  and  13;  10  Inches  deep 
December  8. 


444 


STATE  BOARD  OF  HEALTH.        [Pub.  Doc. 


Effluent  from  Filter  No.  16  B. 

[Ptita  pwr  100,000.] 


Quantl^ 
Applied. 

Oallons 

per  Acre 

Dally 

for  Six 

Days  In  a 

Week. 

Tbmpriu- 

TDRK. 
Dko.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Snrface. 

Hours  and 
Minutes. 

Appbarakcb. 

AVMOaiA. 

• 

i 

7.14 

NITBOOBN 
AB 

1 

1 

c 

1 

Bactarift  per  Cubic 
Centimeter. 

• 

1 

1 

1 

• 

1 

s 

1 

•< 

1 

Kttrltea. 

1898. 

1 

s 

s 

January,     . 

240,000 

48 

41 

- 

Decided. 

.72 

.5750 

.1425 

.9725 

.0809 

.82'48S,250 

February,  . 

802,000 

46i 

414 

- 

Decided. 

.40 

.8250 

.1410 

6.38 

1.1575 

.1740 

.99  244,960 

March, 

882,000 

48 

48 

12m. 

BUght. 

.46 

.5760 

.1856 

5.82 

1.1000 

.0074 

j 

.93  176,400 

April, . 

860,000 

45 

46i 

18m. 

Slight. 

.46 

.8025 

.1685 

6.68 

1.0525 

.2660 

1.0322S,fiOO 

May,   . 

882,000 

53 

64 

- 

Slight. 

.42 

.2215 

.1095 

5.94 

1.4200 

.0096 

.54  118,750 

June,  . 

586,000 

66 

63 

16m. 

V.  alight. 

.86 

.3148 

.1067 

10.02 

I.S250 

.0049 

.67 

»4,500 

July,   . 

480,000 

71 

70 

Om. 

Slight. 

.87 

.7229 

.1797 

8.80 

1.5458 

.0089 

.88 

09,714 

August, 

480,000 

70 

684 

8m. 

Slight. 

.67 

.4160 

.1484 

9.28 

1.0900 

.0682 

.71 

81.200 

September, 

480,000 

68 

60 

13m. 

Decided. 

.86 

.7225 

.1490 

11.91 

.6800 

.1900 

.79 

87.800 

October,     . 

480,000 

56 

66 

45m. 

Decided. 

.51 

.5725 

.1256 

10.20 

.8425 

.0887 

.63  157,250 

Kovember, . 

480,000 

45 

47 

4m. 

Decided. 

.67 

.5725 

.2455 

15.55 

.8700 

.0447 

1.262n,7S0 

December, . 

480,000 

41 

44 

87m. 

Decided. 

.45 

1.1780 

1 

.2216 

6.06 

.5000 

.0142 

.99:168,200 

Sewage  applied,  3  gallons  24  timea  a  week,  till  February  12;  8  galloDS  86  times  a  week,  February  18 
to  May  14;  4  gallons  36  timea  a  week  from  May  15  to  June  11 ;  5  gallons  86  timea  a  week,  Jun*  12  to  25; 
4  gallona  86  timea  a  week,  June  26  to  October  22;  2  gallons  72  times  a  week  from  October  23  to  Decem- 
ber 31.  Experiments  interrupted  by  high  water  March  15  to  17 ;  May  4  to  9 ;  May  18  to  21 ;  Atr  drawn 
through  gravel  January  16  to  December  81.  Snrface  raked  3  Incbea  deep  4  timea  from  July  18  to  Sep- 
tember 1  and  each  week  from  September  1  to  October  26;  3  inches  deep  daily,  October  26  to  December 
81,  with  the  following  excepiiooa :  8  inches  deep,  December  12,  and  6  inches  deep,  December  30. 


Filter  No.  13. 

This  filter  was  used  during  the  winter  months  for  confirmation  of 
experiments  to  determine  the  effect  of  nitrification  upon  the  removal 
of  bacteria  by  filtration.  Beginning  March  22  sewage  was  applied 
at  the  rate  of  160,000  gallons  per  acre  daily  for  six  days  in  a  week. 
This  was  done  with  a  view  to  obtaining,  in  conjunction  with  Filter 
No.  14,  some  comparable  results  upon  the  removal  of  dyestuffs  from 
sewage  by  filters  of  coarse  sand  with  and  without  the  presence  of 
polarite.     These  results  are  summarized  on  page  427. 
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Effluent  fnm  FiUer  No.  13. 

tP.ru  p«l«IW.] 

5-pS^ 

^"5"" 

'-r."!— - 

^ 

i. 

ounou 

1 

1 

"^r 

1 

p 

JuDiry,       . 

(0,000 

_ 

... '»»,.. 

.. 

11.T40 

SJ 

11 

« 

.H!|.(                                                     ( 

4t,om 

><>>.      ||V,.ll«lit 

emrletJRiippltod  li 
UmbaVa-n.    Exp* 


It  rrom  Filur  ITo.  IK  A  uppllnl,  t  UmM  k  WMk,  Ull  Wv«h  31.    Bight  (■ItOD* 
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Filter  No.  13  A. 
This  filter  contaiDS  60  inches  in  depth  of  sand  of  an  effective  size  of 
0.19  millimeter,  and  was  constructed  on  September  27, 1893.  It  has 
received  the  sapernatant  liquid  from  sewage  which  had  lieeD  allowed 
to  settle  foar  hours.  The  surface,  which  has  been  scraped  when 
necessary  to  relieve  clogging  and  not  rnked,  was  scraped  on  an 
average  once  in  six  days,  and  the  average  depth  removed  was  0.37 
inch.  Owing  to  sub-surface  clogging  it  was  necessary  to  spade  over 
the  surface  6  inches  deep  three  times  in  December.  It  appeared 
tbat  the  rate  of  filtration,  480,000  gallons  per  acre  daily  for  six  days 
in  a  week,  overtaxed  the  capacity  of  the  filter,  which  was  allowed 
to  rest  for  two  weeks  beginning  December  23.  The  results  are 
discussed  on  page  423. 

Effluent  from  Filter  No.  13  A. 

[Fuu  p«T  100,000.] 
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^ 
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i 

1 

1 

1 

2 

1 

a 

ii 

D^Sta?; ; 

U0.00O 
«o3oo 
100.000 

: 

i: 

Iti.lOm! 
Vi-Km. 

'  Bll^hi. 

:» 

'.KH 

.OMO 

».sa 

B.I 

.son 

I.ISOO 

.im 

i 

J.3f«) 

B»ii«a  (KtllHl  4  iMtira)  applltd,  a  (illoo*  IB  Umrt  a  WMk.  ScplEmb*r  n  to  October  » ;  i 
U  tlmH  ■  irHk.  OctotMr  13  to  Decnnbar  ai.  .fwr  wtali-h  none  wu  ■ppllsd.  BnifKe  Knp*d  m 
of  pinimi  Knplni  ((ftsr  vublDc)  nplunl  dd  following  dxtec  OcEolMr  9,  il,  IT,  NoTunl 
a,  \7.  M,  n,  10,  DseaiBbet  S,  T,  1§.    BpuTiid  atar  8  10  T  InchM  deep,  D«emb«r  t,  11, 19. 
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FiLTEE  No.    14. 

This  filter  is  63  inches  deep  and  contains  sand  of  an  effectiv-e  size 
of  0.48  millimeter.  On  January  21, 1893,  the  upper  6  inches  of  par- 
tially clogged  and  discolored  sand  were  removed ;  the  next  7  inches 
were  taken  out  and,  after  putting  in  7  inches  in  depth  of  polarite, 
were  used  to  fill  the  filter  to  its  original  depth.  The  chief  experi- 
ment was  upon  the  removal  of  color  from  sewage  containing  dye- 
stuff's,  which  is  summarized  on  page  427. 

The  rate  of  filtration  was  160,000  gallons  per  acre  daily  for  six  days 
in  a  week  until  October  23  when  the  rate  was  doubled.  The  quality 
of  the  efiiuent  was  uniformly  good  until  the  middle  of  November, 
when  clogging  occurred  at  the  surface  of  the  polarite.  The  filter 
was  allowed  to  rest  from  November  16  to  December  4,  when  sewage 
was  again  applied  at  the  rate  of  160,000  gallons.  The  efiiuent  was 
well  purified,  but  clogging  began  to  gradually  reappear. 


Effluent  from  FiUer  No.  14. 

[ParU  per  100,000.] 


189S. 


Qaantity 
Applied. 

Gallons 

per  Aere 

Daibr 

forMbc 

Days  in  a 

Week. 


January, . 

February, 

March,     . 

April, 

May, 

June, 

July, 

Auguet,   . 

September, 

October,  . 

November, 

December, 


160,000 
160,000 
160,000 
160,000 
124,400 
160,000 
160,000 
160,000 
160,000 
209,200 
320,000 
160,000 


Tbmpbba.- 

TUBB. 

dbo.  r. 

1 

s 

a 

i 

48 

48 

Uk 

44 

48 

44 

45 

474 

58 

51 

66 

684 

71 

65 

70 

654 

63 

584 

56 

54 

45 

48 

41 
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Length  of 

Time 

Sewaae 

Remained 

on 
Surface. 

Hours  and 
Minutes. 


APPBaBAVOB. 


1 

a 


34m. 
7m. 
6m. 
9m. 

10m. 

Om. 

4m. 

8m. 

10m. 

12h. 

2h. 


V.ellght.  Sllffht 
blue. 
Slight 


None. 

None. 

None. 

None. 

None. 

None. 

V.allght. 

V.elight. 

V.allght 

VuUight. 

None. 


green. 
Green. 

Oreen. 

Green. 

Green. 

Green. 

Sllsht 

blue. 
Slight 

blae. 
BllKht 

bine. 
Slight 

bine. 

.10 


AmfOBXA. 

« 

1 

6 

a 

1 

§ 

.0071 
.0029 
.0042 
.0044 
.0054 
.0068 
.0079 
.0089 
.0023 
.0018 
.0160 
.0025 


.0363 
.0447 
.0847 
.0335 
.0829 
.0818 
.0183 
.0876 
.0277 
.0826 
.0827 
.0208 


4 

e 

e 


6.44 
6.51 
5.23 
5.86 
6.20 
8.52 
8.88 
7.85 
7.97 
7.69 
16.05 
5.69 


NinooBB 


I  I 


1      " 


1.7767 
2.6025 
3.0975 
8.2850 
3.6940 
4.2825 
8.7100 
2.8167 
1.9800 
1.6800 
0.0300 
2.9800 


.0006' 

I 

.0003' 
.0000 
.0000 
.0000 
.0002 
.0010^ 
.0005 

.0002' 


.0000; 

.0025; 

.0007' 
I 


a 

a 


M 

O 


.37:  82,667 
.38  50.12S 
.28'  18,075 
.26  18,250 


.» 


12.600 


.261  40.333 


.32 


.17 


00,000 
T1,33S 


55,000 
.U|  45,000 
.20  28,661 


.17 


22,600 


Sewage  applied,  8  gallona  6  times  a  week,  till  Ootober  22;  8  galloiiB  12  tlmeB  b  week,  October  23  to 
November  16 ;  8  gallons  6  times  a  week,  December  4  to  December  81.  Color  ^iplied  la  eewago  February 
13  to  March  22  and  Angost  26  to  September  28.  Experiments  interrupted  by  high  water  March  15  to  17 ; 
May  4  to  9;  May  18  to  21.  .'Barf ace  raked  8  inches  deep  each  week. 
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FiLTBB  No.   17  A. 

This  filter  of  medium  fine  sand,  with  four  layers  of  marble  dust, 
received  during  the  entire  year  sewage  to  which  sulphuric  acid  equal 
to  49  parts  in  100,000  of  actual  H3SO4  was  added.  The  rate  of  fil- 
tration was  60,000  gallons  per  acre  daily  for  six  days  in  a  week. 
The  free  ammonia  in  the  effluent  began  to  increase  in  November, 
1892,  and  was  unusually  high  during  the  greater  part  of  1893.  This 
increase,  as  well  as  that  of  the  albuminoid  ammonia,  was  owing  to  an 
interruption  in  ventilation  caused  by  clogging.  To  remedy  this  the 
upper  layer  of  marble  dust,  about  3  inches  below  the  surface,  in  July, 
and  later  the  sand  above  this  layer,  were  replaced  with  new  materials. 
It  was  found  that  the  original  layer  of  marble  dust  had  occasionally 
been  disturbed  in  the  weekly  raking  and  this  treatment  gave  only 
temporary  relief.  Clogging  again  occurred  in  September,  nitrifica- 
tion was  very  incomplete,  and  there  was  present  a  reducing  action, 
as  the  sand  down  to  the  second  layer  of  marble  dust  (12  inches)  was 
very  black  with  iron  sulphide.  A  thin  layer  was  scraped  from  the 
surface  of  the  second  portion  of  marble  dust  in  October  and  the  old 
sand  replaced.  The  quality  of  the  effluent  steadily  improved  and  in 
December  was  excellent. 


EffluetUfrom  Filler  No.  17  A. 

[Parte  per  100,000.] 


ISM. 


JtDiiary, 
Febniary, 
March, 
April, . 
May,  . 
Jnna,  . 
July,  , 
Angiut, 
Beptembar, 
Octob«r, 
NoTembar, 
D«oembar, 


Quantity 
Applied. 

Gallons 

per  Acre 

Uaily 

for  Six 

Days  in  a 

Week. 


60,000 
flO.OOO 
50,000 
00,000 
40,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 
60,000 


TUIB. 
D*Q.  F. 


I 

a 


48 

S* 

4ft 

68 
66 

71 
70 
63 
56 
45 
41 


44 

48 

48 

46 

68 

Ml 

70 

78 


43 


Leagtbof 

Time 

Sewage 

Remained 

on 
Sorfaoe. 

Hoon  and 
Mlnntee. 


8h. 

81i.40m. 
2h.45in. 
6h.40m. 

Ih." 

lb. 

45m. 
12h. 
12h. 

2h.  40m. 

3b.  86m. 


AppsaaavoB. 


^ 

a 


s 

5 


£7one. 

£7one. 

None. 

None. 

None. 

None. 

v.  Blight. 

None. 

V.eJlght. 

v.  alight 

None. 

None. 


.10 
.10 
.08 
.10 
.13 
.18 
.17 
.12 
.18 
.16 
.18 
.00 


AlOfOMU. 


1 


.1820 
.0812 
.2103 
.1771 
.0630 
.4700 
.1700 
.0140 
.2185 
1.6500 
.1865 
.0033 


.0175 
.0106' 
.0870 
.0354 
.0260 
.0300 
.0510 
.0283 
.0810 
.0600 
.0406 
.0140 


0.57 
5.81| 
6.01 
5.03; 
6.83! 
0.04 
8.02 
12.63 
12.73 
7.72 
8.67, 
6.63 


NiTBOOBM 


I 


I 


2.1700 
1.8260 
2.0200 
2.4650 
3.1667 
4.8150 
3.0850 
2.4750 
1.0060 
.5200 
8.6250 
2.4800 


.0002 
.0004 
.0002 
.0003 
.0005 
.0038 
.U028 
.C015 
.0043 
.0185 
.0061 
.0008 


I 

a 

I 
I 


.51 
.26 
.18 
.22 
.26 
.27 
.28 
.26 
.25 
.86 
.38 
.18 


z 

IP 

i 

9>  a 

I' 


38 

5 

0 

4 

46 

26 

020 

870 

124 

1,670 

815 

802 


Three  gallooe  of  aewage  pine  aalpbiuio  aeld  equal  to  48  parte  per  100.000  applied  6  tlmea  a  week.  Bur- 
feee  raked  8  Inchea  deep  each  week.  Bxperlmente  Intermpted  by  high  water  March  16  to  17,  May  4  to  9, 
^y  17  to  21.  July  12,  upper  layer  of  marble  dnet  replaced  by  a  freah  layer.  Angoat  16,  npper  8  Inchea 
of  Band  replaced  by  freah  aand.  Etoptomber  SO,  npper  layer  of  marble  dnat  diatnrbed.  October  21,  marble 
doatand  upper  8  Inehea  of  aand  removed.  October  25,  0  inchea  of  aand  removed  and  aeoond  layer  uf 
marble  doat  acraped;  aand  replaeed  with  8  Inehee  of  clean  material. 
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FiLTEB  No.   19. 

This  filter  of  medium  fine  sand  has  received  since  January  20, 
1893,  the  supernatant  liquid  from  sewage  which  was  allowed  to 
settle  for  four  hours  after  treatment  with  alum  at  the  rate  of  1,000 
pounds  per  million  gallons.  The  rate  of  filtration  was  120,000 
gallons  per  acre  daily  for  six  days  in  a  week  up  to  June  12,  after 
which  the  rate  was  increased  from  time  to  time  until  it  became 
640,000  gallons  on  and  after  October  23.  From  April  to  August, 
inclusive,  the  quality  of  the  effluent  was  excellent,  but  the  ammonias 
began  to  increase  in  September  and  continued  to  do  so  during  the 
rest  of  the  year.  Since  October  23  the  surface  has  been  scraped  to 
relieve  clogging.  It  has  been  scraped  on  an  average  once  in  ten 
days,  and  the  average  depth  removed  was  0.47  inch.  On  December 
2  and  12  the  surface  was  spaded  over,  6  inches  deep,  to  relieve 
clogging.  This  clogging  and  the  deterioration  in  the  quality  of  the 
effluent  indicated  that  this  high  rate  of  filtration  when  long  continued 
overtaxed  the  capacity  of  the  filter  which  was  allowed  to  rest  for 
two  weeks  beginning  December  23.  See  page  422  for  a  discussion 
of  these  results. 

Effluent  from  Filter  No.  19. 

[Parts  per  100,000.] 


i8*a. 


January,     . 
February,  . 
Marrh, 
April, 
May,    . 
June,  . 
July,   . 
August, 
September, 
October,     • 
November,  • 
December, . 


Qoantlty 
Applied. 

Oallons 

per  Acre 

Dally 

for  81X 

Days  In  a 

Week. 


74,000 
120,000 
110,000 
120,000 

04,000 
146,000 
100,000 
240,000 
480,000 

6ao,ooo 

640,000 
492,000 


Tbmpbra- 

Lencth  of 

TtJBK. 

Time. 

Dko.  F. 

Sewage 

Kenmlned 

on 

fi 

§ 

Snrfaoe. 

s 

Hours  and 

oB 

Minutes. 

^ 

414 

Ih. 

« 

4S 

10m. 

• 

41 

11m. 

. 

464 

10m. 

• 

68 

~ 

. 

63 

12m. 

. 

67 

12m. 

« 

08 

Om. 

• 

66 

8Sm.  1 

• 

66 

46m. 

» 

46 

Ih.  40m. 

" 

414 

2h. 

1 

Appbabakcb. 


9 


i 


None. 

None. 

None. 

None. 

None. 

V.  alight. 

None. 

None. 

None. 

V.  slight. 

V.allght. 

Slight. 


.87 
.18 
.08 
.11 
.11 
.12 
.08 
.08 
.07 
.13 
.18 
.21 


Amxokia. 

• 

£ 

• 

a 

I 

a 

h. 

< 

.8828 

.0270 

.0000 

.0400 

.1661 

.0266 

.0066 

.0166 

.0063 

.0287 

.0067 

.0200 

.0062 

.0216 

.0028 

.01741 

.0800 

.0102 

.7601 

.0607 

1.7200 

.0685 

2.8800 

.0800 

s 


8.60 
7.60 
6.26 
6.66 
6.01 
0.06 
8.42 
7.84 
6.63 
10.30 
10.07 
6.82 


KiTBOOBlf 


I 

9i 


1.1600 
1.1600 
2.0000 
2.1700 
2.6000 
2.1620 
3.8900 
il.8060 
2.8660 
1.8126 
1.7626 
.8600 


% 

B 

o 

e 

a 

e 

s 

s 


.oou 

.0600 
.0440; 
.0006 
.0006 

.0002 
.0002 
.OOOOj 
.0056 
.0026 '.27 
.0109  .80 
.0038,  .40 


.83 
.23 
.18 
.15 
.18 
.18 
.16 
.16 


o 
S 

^fe- 
ll 

is 

0 


61,778 

17,202 

6,467 

646 


604 

870 
217 


8,123 
1,645 
6,605 


Six  gallons  of  chemically  clarified  sewage  applied  6  times  a  week,  till  Jane  11;  8  gallons  6  tfanee  a 
week,  Jane  12  to  July  80;  6  gallons  12  times  a  week,  Jaly  81  to  August  81;  4  gallons  86  tloiee  a  week. 
September  1  to  October  22 ;  4  gallons  48  times  a  week,  October  28  to  Deeember  88,  after  which  none  was 
applied.  Ezperiments  interrupted  by  high  water  March  16  to  17,  May  4  to  '9,  May  18  to  U.  Satftioe 
raked  8  inches  deep  each  week  nnUl  October  28,  after  which  aorface  was  scraped  and  sand  of  prevloiM 
scraping  (after  washing)  replaced  on  following  dates :  November  8,  IS,  18,  23,  88.  Spaded,  6  IdcImb 
deep,  December  2, 12.    October  6,  upper  4  inches  remored  and  replaced  with  f  xeah  sand. 
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FiLTEB  No.   25. 

In  this  filter  was  buried  on  December  IS,  1889,  the  carcass  of  a  dog 
above  5  feet  of  sand  and  loam  and  beneath  6  feet  of  sand»  loam  and 
soil,  as  was  described  in  the  Special  Report  upon  the  Purification  of 
Sewage  and  Water  (page  689).  Since  May  9,  1892,  city  water  has 
been  applied  at  the  rate  of  60,000  gallons  per  acre  daily  for  six  days 
in  a  week.  There  was  a  marked  improvement  in  the  chemical  quality 
of  the  effluent  in  1892,  but  the  numbers  of  bacteria  increased.  In 
1893  there  have  been  no  marked  changes  in  the  chemical  character- 
istics of  the  effluent,  and  while  the  numbers  of  bacteria  have  been 
quite  variable,  they  have  averaged  considerably  lower  than  during 
the  latter  part  of  the  preceding  year.  The  effluent  has  been  uni- 
formly discolored  by  iron.  The  odor  and  turbidity  have  been  very 
much  less  marked  than  formerly,  but  are  still  perceptible. 


Effluent  from  Filter  No.  26. 

[Parts  per  100,000.] 


Qoantitir 
Applied. 

AmOKIA. 

NiTBOOBK  AS 

i 

§ 

■ 

Qallont  per 

o 

4 

i 

J 

B  1 

^11 

Acre  Iiallj 

^ 

I 

§ 

• 

^O 

for  Biz  Days 
In  a  Week. 

i 

j 

S 

s 

1 

Janoary,    • 

.        •       • 

10,000 

\  4.2600 

.0700 

.26 

.180 

.0180 

.28 

0 

Febmarr,  • 

10.000 

1  8.6600 

.1000 

.80 

.080 

.0080 

.18 

0 

Mtrcb,        . 

10,000 

I  2.2000 

.0660 

.26 

.060 

.0060 

.46 

0 

April,.       . 

10,000 

{  8.6000 

.0460 

.80 

.080 

.0160 

.00 

0 

M.y,  .      . 

40.000 

2.8000 

.0606 

.23 

.060 

.0066 

.80 

6 

June,  . 

00.000 

1.2838 

.0627 

.16 

.020 

.0067 

.11 

4 

July,  . 

00,000 

.8760 

.0810 

.16 

.010 

.0040 

.11 

10 

Aapiitt      • 

60,000 

.8200 

.0260 

.10 

.010 

.0018 

.18 

176,000 

September, 

00,000 

.7000 

.0880 

.86 

.010 

.0000 

.16 

28.400 

October,     . 

00,000 

.6800 

.0160 

.22 

.000 

.0004 

.10 

20,000 

Norember, 

00,000 

.8400 

.0260 

.20 

.010 

.0004 

.00 

26,000 

Deeembcr,  • 

60,000 

.2700 

.0180 

.21 

.006 

.0010 

.02 

40,000 

1S9S. 

January,     , 

>        •       • 

60,000 

.2700 

.0080 

.22 

.010 

.0012 

.16 

2,000 

Febniary,  . 

60.000 

.8600 

.0180 

.80 

.016 

.0014 

.26 

8,000 

March,        .        . 

68.000 

.8000 

.0100 

.27 

.022 

.0086 

.00 

1,240 

April, . 

60.000 

.2000 

.0220 

.22 

.019 

.0000 

.26 

1,200 

May.*.        . 

40,000 

.8460 

.0260 

.12 

.021 

.0007 

.16 

200 

Jone,  . 

60.000 

.8800 

.0320 

.10 

.004 

.0020 

.12 

2 

Joly,  . 

60,000 

.8700 

.0260 

.20 

.040 

.0018 

.18 

0 

Aainitt, 

60,000 

.8800 

.0180 

.22 

.006 

.0080 

.17 

600 

September, 

60,000 

.2600 

.OIHO 

.22 

.000 

.0020 

.08 

6 

October,     . 

60,000 

.2200 

.0240 

.28 

.007 

.0030 

.00 

2,220 

KoTember, . 

60,000 

- 

. 

. 

> 

* 

- 

•m 

necember, . 

66,000 

.2600 

.0170 

.20 

.012 

.0046 

.06 

676 

Oatlet  pipe  trapped.  City  water  applied  In  8  gallon  doeea  once  a  week  ontll  May  0, 1802,  aod  elnoe 
that  time  6  timee  a  week.  Experiment  Intemipted  by  hl^b  water  Mareh  16  to  17,  May  4  to  9  and  May 
Iff  to  22, 180S.  Surface  aeraped  July  10, 1803.  The  applied  water  frose  on  the  surface  eeveral  timee 
daring  the  Mvereat  winter  weather  and  waa  removed. 


450 


STATE  BOARD  OP  HEALTH.         [Pub.  Doc. 


Filter  No.  30. 

This  filter  contains  30  inches  in  depth  of  coarse  sand  of  an 
efiective  size  of  0.48  millimeter.  It.  has  received  sewage  at  a 
uniform  rate  of  55,800  gallons  per  acre  daily  for  six  days  in  a  week 
with  satisfactory  results.  No  disturbance  of  the  material,  other 
than  the  weekly  raking,  has  taken  place  since  the  filter  was  first  put 
in  operation,  May  31,  1890. 


EffluerUfrom  Filler  No.  30. 

[PftrU  per  100,000.] 


Quantity 
Applied. 

Oallona 
per  Acre 
^allT 

for  8k 
Days  in  a 

Week. 

Tbmpbba- 

TDBK. 

Dso.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Sarflioe. 

Hours  and 
Minutes. 

Appbabakob. 

AXMOXIA. 

i 

1 

e 

6.16 

NITBOOBH 

AM 

1 

s 

6 

1 

Cubic 

p. 

1 

1 

& 

1 

9 

1 

! 

S 

S 

II 

Hi 
IS 

18M, 

• 

*3 
1 

Jaouary, 

65,800 

48 

40| 

Sm. 

SUgbt. 

.48 

.0661 

.0600 

2.0800 

.0022 

1 

.46 

»,2n 

Febmmry,    . 

65,800 

45i 

481 

8m. 

V.allght. 

1.92 

.0286 

.0666 

6.02 

2.2100 

.0007 

.46 

60,600 

March,  • 

66.800 

48 

40 

Sm. 

V.flUght. 

.88 

.0510 

.0648 

6.35 

2.6700 

.0007 

.88 

28,500 

April,   . 

66,800 

46 

48| 

2m. 

V.aUgbt. 

.80 

.0660 

.0402 

6.87 

2.7160 

.0006, 

.85 

18,500 

May,     •       . 

47,600 

68 

64 

- 

V.flUght. 

.26 

.0714 

.0602 

6.13 

8.0000 

.0010  .82 

68,333 

Jane,    . 

65,800 

06 

044 

Im. 

V.allght. 

.26 

.1440 

.0710 

12.80 

4.0650 

.0032  .88 

33,000 

July,     .       . 

66,800 

n 

70 

Im. 

V.aUght. 

.81 

.1800 

.0040 

8.67 

6.0260 

.0100:. 47 

1 

3,500 

Aagoat,       • 

66,800 

70 

704 

Im. 

V.allght. 

.84 

.0670 

.0670 

8.02 

2.8060  .0075". 38 
2.2060.0012  .88 

2.0000.0046  .41 

1 

8.000 

September,  . 

66,800 

08 

65| 

2m. 

Deolded. 

.41 

.1060 

.0680 

11.00 

12,000 

October, 

66,800 

60 

W4 

2m. 

SUght. 

.60 

.1860 

.0460 

8.10 

50.700 

November,  . 

66,800 

46 

47 

28m. 

Slight. 

.28 

.0620 

.0480 

28.60 

2.1000  .0020 

.28 

S.QQO 

December,  . 

66,800 

41 

m 

10m. 

Decided. 

.28 

.2400 

.0700 

6.42 

2.8600  .0080 

.47 

4TJK0 

Sewage  applied,  2  gallona  6  timee  a  week.    Surface  raked  8  Inchee  deep  each  week.    Bzperlmcnta 
Interrupiud  by  high  water  May  4  to  8;  May  18  to  20. 
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FiLTEB  No.   31. 

This  filter  contains  30  inches  in  depth  of  medium  fine  sand  of  an 
eflfective  size  of  0.17  millimeter.  It  has  received  sewage  at  a  uniform 
rate  of  55,800  gallons  per  acre  daily  for  six  days  in  a  week.  The 
effluent  has  been  uniformly  well  purified.  No  disturbance  of  the 
material,  other  than  the  weekly  raking,  has  taken  place  since  the 
filter  was  first  put  in  operation  May  31,  1890. 


Effluent  fr<m  Filler  No.  31. 

[PftiU  par  100,000.] 


Qnantlty 
AppUed. 

Oallone 

per  Acre 

Daily 

for  Six 

Days  In  a 

Week. 

TBMPBkA- 

Tuaa. 
Dao.  F. 

Lengrth  of 

Time 

Sewtfe 

Remained 

on 
Snrfkoe. 

Hoart  and 
Ulnatee. 

ArraaBASCB. 

AmiOMlA. 

6.80 

NiTBOOBir 

Aa 

a 

z 
5. 

■ 

• 

1 

1 

• 

1 

• 

f 

1 

Bacteria  per 
Oantlmetei 

i8»a. 

1 

S 

Janaazy, 

65,800 

48 

41 

12m. 

None. 

.90 

.0866 

.0286 

2.54(X) 

.0004 

.24 

960 

February,     . 

65,800 

46i 

«li 

10m. 

Kone. 

- 

.0181 

.0278 

6.44 

2.1900 

.o*m 

.28 

1,100 

Ifareb, . 

65,800 

48 

411 

18m. 

None. 

.09 

.0175 

.0218 

6.18 

2.2060 

.0001 

.22 

476 

April,   . 

65,800 

46 

44 

16m. 

None. 

.17 

.0040 

.0226 

5.97 

2.6060 

.0000 

.24 

172 

May.     .        . 

47,600 

58 

M* 

- 

None. 

.15 

.0147 

.0218 

6.80 

8.2488 

.0006 

.20 

677 

Jane,    . 

66,800 

66 

«*i 

6m. 

None. 

.14 

.0118 

.0217 

6.46 

8.9500 

.0003 

.24 

876 

July,     . 

65,800 

n 

71 

Om. 

V.sligbt. 

.17 

.0801 

.0242 

8.64 

4.2900 

.0006 

.18 

816 

Aagnat, 

65.800 

70 

71 

Om. 

V.sUgbt. 

.20 

.0084 

.0167 

10.79 

8.8900 

.0006 

.17 

60 

Septembar.  . 

65,800 

68 

06 

40m. 

V.sllgbt. 

.15 

.0070 

.0206 

12.00 

2.8200 

.0002 

.18 

90 

October, 

55,800 

66 

67 

82m. 

V.aligbt. 

.21 

.0810 

.0256 

8.16 

2.7000 

.0014 

.26 

1,384 

November,  . 

65,800 

46 

40i 

8b.  80m. 

V.eUght. 

.21 

.0122 

.0244 

17.10 

2.2400 

.0002 

.19 

800 

December,    . 

66,800 

41 

88 

12b. 

None. 

.20 

.0248  .0302 

7.26 

2.0000 

.0006 

.28 

400 

Sewage  applied,  2  gallons  0  tlmea  a  week.    Sarfaoe  raked  8  Inobea  deep  eacb  week.    Experimenta 
intermpted  by  hlgb  water  May  6  to  8;  May  18  to  20. 
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FiLTBB  No.   32, 

This  filter  contains  30  inches  in  depth  of  medium  fine  sand  of  an 
effectiye  size  of  0.17  millimeter.  It  received  the  supernatant  liquid 
from  sewage  treated  by  chemical  precipitation  like  that  applied  to 
No.  19  at  the  rate  of  112,000  gallons  per  acre  daily  for  six  days  in  a 
week.  This  rate  was  doubled  on  June  12  and  that  rate  doubled 
October  23  (446,000  gallons).  The  filter  became  clogged  in  spite 
of  frequent  raking  and  scraping ;  this,  with  the  deterioration  in  the 
quality  of  the  effluent,  indicated  that  this  rate  of  filtration  overtaxed 
the  capacity  of  the  filter,  which  was  allowed  to  rest  for  two  weeks 
beginning  December  23. 


Effluent  from  Filter  No,  32. 

[Parta  per  100,000.] 


Quantity 
Applied 

Oallona 

per  Acre 

DaOy 

forSU 

Dajflna 

Week. 

Tbmpeiu- 

TORB. 

Dm.  F. 

Length  of 

Time 

Sewage 

Remained 

on 
Surface. 

Honnand 
Minntea. 

AppBA&urcs. 

AmOHIA. 

1 

4.94 

KlTBOOKV 

▲a 

• 

1 

M 

o 

j> 

• 

1 

1 

Albuminoid. 

1 

1 

fcfe 

189S. 

1 

J 

Bacteria  p< 
Ccntlmel 

January, 

111,600 

- 

40 

Ih.  SOm. 

None. 

.17 

.0081 

.0282 

1.7100 

.0001 

.27 

604 

February,     . 

111,000 

- 

41 

Ih. 

None. 

.14 

.0990 

.0194 

4.63 

1.3825 

.0006 

.28 

1,660 

March,  .       . 

111,000 

- 

41 

lh.80m. 

None. 

.09 

.mi 

.0260 

4.79 

1.9040 

.0003 

.32 

1,390 

April,    .       . 

111,000 

- 

46 

Ih. 

None. 

.18 

.1860 

.086.'> 

6.80 

1.9075 

.0000. 

.20 

4.500 

May,      .       . 

1 

95,000 

- 

66 

- 

None. 

.14 

.0526 

.0280 

5.76 

2.8260  .0001 

.18 

«,e25 

June,     . 

186,800 

- 

65 

SOm. 

None. 

.18 

.0461 

.0872 

18.19 

1.8980  .OOOO! 

.19 

2,838 

July,     . 

223,200 

- 

70 

45m. 

None. 

.16 

.0067 

.0286 

8.70 

1.1850 

.0000 

.24 

274 

Angnat, 

223,200 

- 

70 

SOm. 

None. 

.18 

.0060 

.0224 

7.86 

1.0040 

.0000 

.25 

175 

September,  . 

228,200 

- 

62 

2h.46m. 

None. 

.11 

.0179 

.0195 

6.72 

1.0525 

.0006 

.16 

4« 

October, 

291,900 

- 

56i 

2h. 

None. 

.11 

.8704 

.0877 

10.75 

1.5867 

.0018 

.19 

ft,8SS 

November,   . 

446,400 

- 

46 

lh.50m. 

None. 

.28 

1.7788 

.0788 

9.43 

1.2467 

.0049 

.S5 

15,713 

December,    . 

848,200 

- 

89i 

Ih.  SOm. 

None. 

.17 

1.2875 

.0550 

5.99 

1 

1.4160 

.0082 

.81 

3,770 

Sarfaoe  raked  8  Inchee  deep  each  week  until  October  21.  Bxperlmenta  interrupted  by  high  water 
May  5  to  8;  May  18  to  20.  Four  gallona  chemically  clailfled  eewage  applied,  6  times  a  week,  till  Juoe 
11 ;  2  gallona  24  timea  a  week,  June  12  to  October  22;  2  gallona  48  timee  a  week,  October  23  to  Deeem. 
ber  23,  after  which  none  waa  applied.  Surface  apaded  6  Inchea  deep,  November  20,  December  12  and 
December  21.  Sarfaoe  acraped,  and  aand  of  previoua  acraplng  replaced  (after  waahlng)  on  following 
datea:  October  21,  November  7, 17, 24, 29,  December  2, 18  and  21. 
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FILTRATION  OF  WATER. 


One  of  the  chief  objects  of  water  filtration,  in  most  cases,  is  a 
removal  of  the  disease-producing  germs.  The  investigations  by  the 
Board  in  1892  indicated  that  it  is  possible  to  construct  filters  which 
will  yield  2,000,000  gallons  of  water  per  acre  daily,  and  remove 
99.5  per  cent,  of  the  bacteria  in  the  applied  water*  The  investiga- 
tions were  continued  in  1893  with  the  view  to  learn  the  efficiency  of 
the  filters  as  they  continued  in  service,  and  also  to  learn  the  bacterial 
efficiency  of  filters  of  coarser  sands  operated  at  higher  rates  of  filtra- 
tion. 

The  general  plan  of  the  experiments  was  the  same  as  in  1892, 
Examination  of  the  bacterial  contents  of  the  river  water  and  of  the 
effluent  of  each  filter  were  made  daily  throughout  the  year.  Owing 
to  complications  from  freezing,  which  caused  the  formation  of  chan- 
nels at  the  sides  of  the  iron  filter  tanks  during  the  winter  months, 
and  to  the  evolution  of  air  by  the  saturated  water  within  the  filters, 
the  results  obtained  from  May  to  November,  inclusive,  alone  will  be 
discussed.  Beginning  May  12  B,  prodigiosua  was  regularly  applied 
to  the  filters  ten  hours  daily  and  the  effluent  of  each  filter  examined 
four  or  more  times  daily,  at  the  time  when  the  applied  water  con- 
taining this  germ  is  passing  through  the  outlet  pipes.  The  reason 
that  this  germ  was  used  is  because  it  is  easy  to  differentiate  it  from 
ordinary  water  bacteria  and  in  its  mode  of  life  in  the  river  water  it 
appears  to  be  very  similar  to  the  germ  generally  recognized  as  the 
cause  of  typhoid  fever.  In  the  table  below  is  given  a  summary  of 
the  results  obtained  from  the  several  filters.  In  the  case  of  the 
older  filters  (Nos.  18  A  to  42)  the  averages  include  all  of  the  results ; 
in  the  case  of  the  remaining  (new)  filters  the  averages  include  all 
results  after  the  second  week  of  operation,  when  the  efficiency  in 
most  cases  became  normal.  The  diameter  of  all  of  these  filters  is 
twenty  inches  and  the  area  of  filtering  surface  is  equal  to  one  twenty- 
thousandth  of  an  acre.  A  detailed  account  of  these  results  will  be 
foand  beyond. 
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The  results  show  that  — 

1.  The  bacterial  efficiency  of  the  older  filters,  all  things  con- 
sideredy  was  as  satisfactory  in  1893  as  it  was  during  the  preceding 
year. 

2.  A  high  degree  of  bacterial  efficiency  was  attained  by  the  new 
filters  of  coarser  sand  and  operated  at  higher  rates  of  filtration. 

This  is  brought  out  more  clearly  by  the  following  table,  in  which 
are  summarized  the  results  obtained  from  the  newer  and  coarser  filters 
for  the  four  weeks  ending  December  2.  The  bacterial  averages 
include  the  results  of  all  examinations  in  each  case  and  represent  at 
least  four  samples  daily  taken  at  widely  different  hours. 


Summary  of  Bacterial  BesuUs  obtained  from  Filters  Nos,  43-49,  with  Rates  of 

Filtration,  November  6  to  Dec.  2, 1893, 


XCMBSB  or  TtLTEM. 


Depth  of 
Mat«rlal. 

InchM. 


48, 


«0 
00 

eo 

12 

eo 

00 
00 


Method 

of 

Operation. 


Arenge  Bate 
of  Filtration. 

Gallona  per 
Aore  Daily. 


GontlDQona. 

Contlnnoua. 

Intermittent. 

uontlnaona. 

Intermittent. 

Intermittent. 

Oontlnnona. 


7,000,000 

7,700,000 

8,740.000   ; 
[0,M0,000]  t 

8,700,000 

(  8,000,000  ) 
}  [0,406,000]  ! 
I  2,000,000  ( 
f  [6,076,000]  i 

6,660,000 


AriKAOB  Ph  CavT. 

OF  NUMBILB  OF  APPLXBD 

Baotbsia.  which  ap- 

PBASBD  XH  THB  EFFLDBMT. 


Water 
Bacteria. 


Badlloa 
Prodlglosat. 


1.48 
1.19 
1.60 
2.84 
8.18 
1.88 
1.04 


0.171 
0.148 
0.210 
0.887 
0.408 
0.800 
0.188 


The  tmtee  of  flitratton  encloeed  within  the  brackets  are  for  the  time  when  water  waa  aetoally  ap- 
ptted;  the  other  rates  are  averagea  for  the  whole  time.  Including  the  periods  of  rest. 


These  figures  show  that  very  good  results  were  obtained  from  the 
Dewer  experimental  filters  which  were  operated  at  much  higher  rates 
of  filtration  than  those  studied  in  1892.  This  is  particularly  the  case 
with  Filters  Nos.  43  and  44,  which  during  the  latter  part  of  Novem* 
ber  were  operated  at  rates  of  more  than  9,000,000  gallons  per  acre 
daily,  with  a  removal  of  over  98  per  cent,  of  the  applied  water 
bacteria  and  over  99.5  per  cent,  of  the  applied  B,  prodigiosus. 
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The  Effect  upon  Bacterial  Purification  of  Bate  of  Fil- 
tration OF  Water. 

There  are  two  views  to  this  problem,  first,  the  effect  of  differences 
in  rates  of  filtration  where  the  rate  is  kept  constant  after  the  change 
has  once  been  made ;  and,  second,  the  effect  of  fluctuating  rates. 

It  is  thought  that  the  effect  of  changes  in  rates,  which  are  regalarly 
maintained  after  the  change  is  made,  is  best  shown  by  taking  the 
average  monthly  results.  The  rates  of  filtration  of  the  several 
filters  were  very  seldom  changed  more  than  once  in  a  month ;  they 
were  not  changed  at  all  in  some  instances  and  all  changes  were 
moderate  ones.  When  we  consider  the  large  number  of  bacteria 
stored  in  the  sand  the  small  differences  in  the  number  of  bacteria  in 
the  applied  water  exert  usually  but  little  influence  upon  the  numbers 
in  the  ef9uent  and  the  results  are  therefore  expressed  in  numbers 
per  cubic  centimeter. 
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In  the  case  of  No.  18  A  the  number  of  bacteria  in  the  effluent 
increased  about  the  middle  of  July  after  removing  the  siphon  which 
delivered  the  water  in  one-quart  doses  onto  the  sand  about  once  in 
four  minutes  days,  nights  and  Sundays.  After  this  time  the  water 
was  applied  sixteen  hours  a  day  and  the  filter  allowed  to  drain  during 
the  remaining  hours.  Some  of  the  bacterial  increases  during  the 
summer  were  due  to  growths  or  to  conditions  favoring  longer  con- 
tinuance of  life  of  the  bacteria  in  the  sand.  This  was  more  marked 
in  continuous  than  in  intermittent  filters. 

In  some  cases  there  were  marked  increases  in  the  number  of 
bacteria  in  the  effluent,  evidently  not  due  to  changes  in  rates  of 
filtration,  and  which  at  present  cannot  be  fully  accounted  for.  In 
other  instances,  such  as  Nos.  43  and  44,  an  increase  in  the  rate  was 
followed  at  times  by  no  increase  whatever  in  the  number  of  bacteria 
in  the  effluent ;  and,  when  studied  by  weeks,  some  of  the  results 
indicate  a  diminution.  These  results,  taken  all  together,  indicate 
that  in  the  process  of  water  filtration  there  exist  conditions  which 
•exert  more  influence  upon  the  bacterial  contents  of  the  effluent  than 
do  diflferences  in  rates  of  filtration  within  moderate  limits.  Some  of 
the  conditions  appear  to  be  normal  to  the  operations  of  these  experi- 
imental  filters  while  others  are  not  yet  understood.  Upon  examina- 
tion of  the  results  obtained  at  the  highest  rates,  however,  it  will  be 
€een  that  the  bacterial  efficiency  diminishes  and  the  statement  made  in 
•earlier  reports  that  low  rates  are  safer  than  high  rates  is  undoubtedly 
true.  Nevertheless,  up  to  a  certain  limit  the  rate  apparently  exerts 
very  little  influence,  and  this  limit  is  different  for  different  filters 
and  also  varies  with  other  conditions  in  the  case  of  the  same  filter. 


The  Immediate  Effect  upon  Bacterial  Purification  of  Increasinff  the 

Hate  of  Filtration. 

In  the  next  table  are  given  the  results  obtained  from  each  filter 
with  regard  to  this  point.  Fluctuations  in  the  rate  of  filtration  ap- 
pear to  be  an  important  feature  in  the  operation  of  some  of  the  older 
filters  in  Europe  and  the  following  results  have  been  obtained  at 
the  Experiment  Station  upon  this  subject.  The  number  of  bacteria 
per  cubic  centimeter  for  each  of  the  three  days  before  and  the  three 
days  after  increasing  the  rate  of  filtration  ai*e  given  in  each  case 
where  there  was  no  complication  such  as  the  effect  of  scraping.  In 
most  cases  the  rate  was  increased  and  practically  no  information  has 
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been  obtained  as  to  the  effect  of  decreasing  the  rate.  As  the  changes 
were  usually  made  on  Monday  there  are  very  few  results  for  the  first 
day  before  increasing  the  rate. 


Number  of  Bacteria  per  Cubic  Centimeter. 


Data. 
18M. 

CbftDfein 
MMtt. 

MiUloii 

Oalkms 

per  Acre 

Dalljr. 

Watbe  Baotesia. 

Bacillus  Pxodioiosdb. 

XUMBIH 

BBFOBS  laCIIKAS- 
»0  SATS. 

AFTBB  INCBBAft- 
UO  SATK. 

BSrOBB  IMCBBAS- 
IKO  BATB. 

AFTKB  IMCBBAA- 
INO  BATB. 

OF 
FUTU. 

1 

1 

1 

1 

5 

i 

• 

1 

• 

1 

1 

i 

1 

S3A.  . 

Jane 

1. 

8-8 

8 

4 

8 

19 

18 

10 

0.8 

0.2 

0.3 

0.5 

8.0 

8.0 

July 

81. 

8-S 

278 

117 

- 

95 

89 

105 

1.0 

2.0 

- 

10.0 

4.0 

4.0 

KOT. 

«. 

8-8 

• 

18 

- 

21 

15 

24 

0.0 

0.0 

- 

0.7 

0.0 

0.7 

Not. 

• 

&-4 

•        • 

20 

17 

- 

88 

59 

86 

44 

1 

2.0 

0.6 

- 

2.0 
8.8 

8.0 

5.0 

Ats^      • 

n 

80 

56 

88 

0.0 

0.7 

2.5 

8.2 

MA.  .    Jus 

1 

>. 

8-8 

- 

6 

4 

6 

22 

36 

- 

- 

- 

- 

. 

.. 

Jolr 

• 

• 

1.6-8 

•        • 

46 

56 

- 

185 

88 

18 

27 

0.8 

0.0 

- 
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5.0 

0.5 
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- 

Atb^ 

45 

80 

95 

52 
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0.0 

- 

- 

M.       . 
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1» 

2-8 

6 

10 

7 

24 

15 

10 
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0.2 

0.5 

0.5 
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0.2 

• 

8, 

• 

1-2 
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87 

00 

- 

40 

14 

8 

1.0 

1.0 
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4.0 
2.8 

2.0 

4.0 

Aft^ 

46 

40 

86 

15 

9 

0.9 

0.6 

- 

2.0 

2.1 

«.       . 

July 

8, 

1-2 

11 

8 

- 

28 

8 

9 

0.0 

1.0 

- 

8.0 

2.0 
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8, 
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80 

80 

44 
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84 
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86 
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Number  of  Bacteria  per  Cubic  Centimeter  —  Concluded. 


Date. 
1898. 

Cbanfo  in 
Bate. 

Million 
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Bacillus  Pbodioiobcs. 

Number 
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IBS  BATB. 

APTAB  ISrCBBAS- 
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1 

■ 

Q 

■o 
c 

1 

■ 

1 

e 

E 

• 

1 

• 

• 

s 

1 

1 

& 

*0 

1 
I 

Q 

• 

47,       . 

Nov.    «, 
Nov.  20, 
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4-« 
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81 
126 

- 

2M 
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277 
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176 
1,144 

28.0 
25.0 

12.0 
22.0 

- 
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40.0  60.0 
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67.0 
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115 

78 

- 
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- 
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•                 • 

81 
246 

21 
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- 

866 
185 

282 
58 
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164 
172 

18.0 
81.0 

7.0 
86.0 

- 

15.0   15.0 

40.0   10.0 

1 

82.0 
10.0 

AT8., 

188 

82 

- 

250 

157 

22.0 

22.0 

- 

32.0 

17.0 

21.0 

Summary  of  Bacterial  BesuUs  to  show  the  Immediate  Effect  of  Increasing  the 

Rate  of  Filtration. 


Watbb  Bactbbia. 

Bacillus  Pbodioioscs. 
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11 

8 
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28 

8 

0 

1 
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- 
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2.0 
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15 
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1.0 
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14 

40 

36 

27 
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48 

4.0 
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- 
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22.0 
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21 

28 

84 

15 

11 

14 

2.1 

4.0 

- 

0.5 

8.5 

8.0 

45,. 

42 

81 

- 

208 

07 

81 

6.0 
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- 

10.5 

10.0 

28.0 

46,. 

25 

18 

- 

13 

14 

24 

8.0 

4.0 

- 

5.0 

4.0 

8.0 

47,. 

115 

78 

- 
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863 

660 

24.0 

17.0 

- 

40.0 

84.0 

45.0 

48,. 

188 

82 

- 
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157 
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22.0 

22.0 

- 
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17.0 

21.0 

Ave 

ragefl 

ii 

40 

87 
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78 
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6.0 

6.4 
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12.2 

10.0 
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These  results  show  that  in  a  majority  of  cases  an  increase  in  the 
number  of  bacteria  in  the  effluent  followed  an  increase,  within  these 
limits,  in  the  rate  of  filtration.  This  is  more  noticeable  in  filters  of 
coarse  material  than  in  those  of  fine,  and  shows  an  advantage  of 
uniformity  in  the  operation  of  water  filters. 
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The  Effect  of  Depth  of  Matebial  upon  Bacterial  Pdbifica- 

TioN  of  Wateb. 

The  results  upon  this  point  are  as  follows :  — 


• 

KCXBKB  or  FILTSB. 

Depth. 
Inehea. 

EffeotlTe 
Size  of 
Grain. 

MUllmeter. 

Period -1(I9S. 

Rate. 

MHlion 

Oailont 

per  Acre 

Daily. 

AVBRAOB  TkR  CbMT.  OW 
NUMBBB  or 

Applibo  Kactbbia 
whioh  appbarbo  ib  thb 

ErrLUBNTs. 

Water 
Bacteria. 

Bacillas 
Prodlglotus. 

«. 

«• 

44. 

4« 

00 
12 
00 
12 

0.20 
0.20 
0.20 
0.20 

May  20  to  Deo.    2, 
Aug.  21  to  Dec.  2, 
Nov.    0  to  Deo.   2, 
Nov.   6  to  Deo.  2, 

4.0 
2.6 
7.7 
8.7 

0.00 
0.90 
1.10 
2.64 

0.083 
0.100 
0.148 
0.387 

»• 

a 

39. 

<2. 

66 

20 

1 

10 

0.20 
0.20 
0.20 
0.20 

May  12  to  June  25, 
May  12  to  Dee.  2, 
May  12  to  Aug.  10, 
May  IStoDoo.   2, 

2.4 
2.2 
1.7 
1.0 

0.81 
0.06 
4.06 
0.00 

0.010 
0.001 
0.762 
0.060 

The  results  obtained  from  Filters  Nos.  44  and  46  show  that  the 
deeper  filter  is  the  more  elSective,  although  the  filter  one  foot  deep 
gave  quite  satisfactory  results,  especially  at  the  lower  rate  of  filtra- 
tion. Upon  consideration  of  the  second  series  it  is  seen  that  No.  37, 
the  deepest  filter ,  was  the  most  effective  while  the  shallowest  one. 
No.  39,  was  the  least  efficient  in  removing  bacteria.  No.  39  contained 
5  inches  of  underdrain  (stones,  gravel  and  coarse  sand)  in  addition 
to  the  inch  of  sand.  Of  the  two  filters,  Nos.  38  and  42,  20  and  10 
inches  deep,  respectively,  the  shallower  was  very  slightly  the  more 
efficient.  It  is  to  be  noted  that  when  the  filters  were  restored  to 
their  original  depth,  by  the  addition  in  some  cases  of  a  foot  of  sand, 
there  was  no  apparent  effect  upon  the  bacterial  contents  of  the 
effluents.  We  must  conclude,  however,  all  things  considered,  that 
while  very  satisfactory  results  may  be  obtained,  under  favorable 
conditions,  from  filters  one  to  two  feet  deep,  the  deeper  fillers  are 
safer  than  the  shallower  ones. 
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The  Effeot  of  Size  of  Sand  Grains  upon  Bacterial 

Purification. 

In  the  folIowiDg  table  is  given  a  summary  of  the  results  obtaiDed 
from  the  several  filters  during  the  month  of  November,  this  month 
alSbrding  the  fairest  comparison  because  the  conditions  were  then 
most  nearly  alike. 

Continuous  FiUers, 


NiTKBM  or  FlLTBB. 

Effectlre  81m 
of  Grain. 

Miulmecar. 

Ettlmated 
Maximum  Bete. 

miUonOallons 
per  Acre  Dally. 

ATengeBate. 

MnUonOal- 

lone  per  Acre 

DaUj. 

Baotbiia  ram  Cubm  cim- 

Water  Bac- 
teria. 

B.Prodl|loiai. 

33A, 

88  (2  feet),    .... 

43 

44, 

49, 

O.U 
0.20 

O.se 

0.29 
0.88 

18 
82 
ft8 
6T 

lie 

2.8 
8.4 
7.8 
7.8 
8.8 

S9 
88 

124 
08 

71 

1 
5 

11 

9 

IS 

IntermiUent  Fillers, 


41. 

O.U 

18 

10 

1 

45, 

0.28 

42 

120 

IS 

47 

0.29 

87 

218 

SI 

48 

0.88 

118 

128 

ss 

18A 

0.48 

184 

187 

u 

These  results  indicate  that,  within  the  limits  in  sizes  of  sand 
grains  which  would  be  ordinarily  employed  in  filtration,  the  finer 
sands  are  slightly  more  efficient  in  removing  bacteria  than  the  coarser 
ones.  It  appears,  however,  that  there  are  conditions  sometimes 
attending  the  process  of  filtration  which  disguise  and  at  times  com- 
pletely  olSset  the  slight  advantages  which  arise  from  fineness  of 
material. 


The  Effect  of  Scraping  Filters  upon  Bacterial  Purifica- 
tion OF  Water. 

It  was  shown  in  the  Annual  Report  for  1892  that  there  was  a  slight 
increase  in  the  number  of  bacteria  in  the  effluent  after  a  filter  had 
been  scraped.     The  method  of  scraping  the  continuous  filters  followed 
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in  1892  was  practised  in  1893  until  November  1,  as  follows:  the 
water  above  the  sand  was  siphoned  off  and  the  filter  allowed  to  drain 
until  the  water  stood  about  an  inch  below  the  surface  of  the  sand. 
The  outlet  was  then  closed,  the  surface  scraped  and  water  applied 
slowly  from  the  top.  The  intermittent  filters  were  scraped  after 
draining.  In  the  table  below  is  given  a  summary,  up  to  November* 
of  the  number  of  bacteria  in  the  effluent  during  each  of  the  three 
days  before  and  three  days  after  scraping,  and  also  of  the  remaining 
days  of  each  period  between  scrapings.  In  some  instances  the 
filters  were  scraped  about  once  a  week  and  nearly  all  of  the  results 
are  contained  under  the  headings,  three  days  before  and  three  days 
after  scraping;  under  these  circumstances  a  representative  result 
for  the  time  midway  between  scrapings  is  given  under  the  column, 
remaining  days. 


Summary  of  the  Avercige  SuuUs  of  the  Number  of  Bacteria  per  Cubic  Centi- 
meter in  the  Effluent  of  each  Filter  during  Different  Portions  of  each  Period 
between  Scrapings. 
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The  average  results  from  all  of  the  filters  indicate  that  there  was 
a  very  slight  decrease  in  bacterial  efficiency,  after  scraping,  by  the 
method  of  operation  practised.  Taking  the  results  individually  it 
was  found  that  out  of  1 1 3  scrapings  an  increase  in  the  number  of 
bacteria  in  the  effluents  just  after  scraping,  above  that  accounted  for 
by  the  ordinary  bacterial  fluctuations,  occurred  in  the  case  of  the 
water  bacteria  46  times  and  in  the  case  of  B,  prodigiosus  55  times. 
Almost  without  exception  the  increase  in  number  of  bacteria  was 
very  slight,  as  will  be  seen  in  the  table  below,  which  contains  the 
results  obtained  from  each  filter  when  the  effect  of  scraping  was 
most  marked.  In  the  second  table  beyond  are  given  the  results 
when  the  effect  of  scraping  was  the  least  marked  in  the  case  of  each 
filter.  During  the  period  in  which  the  results  given  in  these  tables 
were  obtained  the  water  bacteria  in  the  applied  water  averaged 
10,600  and  the  B.  prodigiosus  7,000  per  cubic  centimeter. 


Table  showing  the  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  of 
Each  Filter  during  Different  Portions  of  the  Period  between  Scrapings  when 
the  Effect  of  Scraping  was  Most  Marked. 
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Table  thawing  the  Number  of  Bacteria  per  Cubic  Centimeter  in  the  Effluent  of 
Each  Filler  during  Different  Portions  of  the  Period  between  Scrapings  when 
the  Effect  of  Sorting  was  Least  Marked. 
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The  Effect  upon  Bacterial  Purification  of  disturbing  the 
UPPER  Twelve  Inches  of  Filters  of  Fine  Material. 

Filters  No.  33  A  (coDtinaoas)  and  41  (intermittent) »  containing 
48  inches  in  depth  of  sand  of  an  effective  size  of  0.14  millimeter, 
were  scraped  on  Jaly  17,  after  draining.  This  sand  is  so  fine  that 
the  lower  portion  of  the  filter  remains  saturated  after  draining.  The 
upper  12  inches  of  material  were  taken  out  and  replaced.  Water 
was  applied  at  the  top  of  the  continuous  filter,  with  the  outlet 
closed,  and  after  the  surface  was  covered  the  faucet  below  was 
opened  to  give  the  usual  rate  of  two  million  gallons  per  acre  daily. 
The  faucet  of  the  intermittent  filter  was  kept  wide  open  and  the  rate 
of  filtration  regulated  at  the  top. 

In  the  following  table  are  given  the  bacterial  results  from  these 
filters  for  the  week  preceding  and  the  week  following  this  treatment. 
No  B.  prodigiosus  was  applied  on  July  17  ;  the  results  on  that  day 
represent  drainings.  On  all  other  days  the  results  are  averages 
of  four  examinations. 
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The  Effect  upon  Bacterial  Purification  of  Bemoyino  an  Inch 
Later  of  Loam  Two  Inches  below  the  Surface  of  an 
Intermittent  Filter  of  Medium  Fine  Sand. 

Filter  No.  35  A  contained  48  inches  in  depth  of  sand  of  an 
effective  size  of  0.20  millimeter.  After  draining,  on  July  17  the 
surface  was  scraped,  the  loam  layer  2  inches  below  the  surface  taken 
out  and  the  sand  replaced.  The  faucet  below  was  kept  wide  open 
and  the  rate  of  the  applied  water  regulated  at  the  top.  The  bacterial 
results  before  and  after  this  treatment  were  as  follows :  — 

BiicUria  per  Cubic  Centimeter. 


Date- 1 80S. 
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The  results  presented  in  the  last  two  tables  indicate  that  a  slight 
decrease  in  bacterial  efficiency  follows  a  mechanical  disturbance  of 
the  upper  portion  of  fine  filters  and  the  removal  of  a  layer  of  fine 
loam.    From  our  general  knowledge  of  the  efficiency  of  coarser 
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filters  it  is  probable  that  in  such  cases  the  diminution  would  be 
more  marked.  The  effect  of  mechanical  disturbance  is  brought  out 
most  clearly  by  the  results  obtained  from  Filters  Nos.  3  B  and  8  A. 
These  filters  are  one  two-hundredth  of  an  acre  in  area  and  contain 
five  feet  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter. 
Filter  No.  3  B  has  been  operated  intermittently  at  an  average  rate  of 
two  million  gallons  per  acre  daily  since  September  23,  as  follows :  at 
5  A.M.  the  gate  on  the  outlet  pipe  is  closed  and  the  water  turned 
on  at  the  top  near  the  edge.  When  the  filter  is  covered  (about  7.30 
A.M.)  the  gate  on  the  outlet  pipe  is  opened  to  give  the  prescribed 
rate  of  filtration,  and  the  surface  is  kept  covered  until  9  p.m.  when 
the  water  is  shut  off  and  the  filter  allowed  to  drain  during  the  night. 
No.  8  A  has  been  operated  continuously  since  September  26  at  a 
constant  rate  of  two  million  gallons  per  acre  daily.  While  the  passage 
of  water  through  No.  8  A  is  uniform  and  causes  no  disturbance  of  the 
sand,  the  peculiar  method  of  daily  filling  in  No.  3  B  drives  out  a 
large  part  of  the  air  contained  in  the  sand  and  causes  more  or  less 
disturbance  of  the  sand  at  the  surface.  That  this  disturbance  of  the 
surface  is  due  to  the  escape  of  air  from  the  sand  can  be  readily  seen 
from  inspection,  and  is  further  indicated  by  the  fact  that  up  to 
January  1,  No.  8  A  was  scraped  three  times  to  relieve  clogging, 
while  No.  3  B  was  not  scraped  at  all  during  this  period,  although  it 
yielded  as  much  water.  In  the  table  below  are  given  the  average 
results  of  daily  bacterial  examinations  of  samples  taken  at  different 
hours  during  the  day  from  the  effluent  of  each  filter,  from  October 
30  to  December  8.  The  number  of  bacteria  per  cubic  centimeter  in 
the  applied  water  averaged  8,800  during  this  period. 

Bacteria  per  Cubic  Centimeter, 
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The  diminished  efliciency  of  No.  3  B  in  the  forenoon  appears  to  be 
due  to  the  mechanical  disturbance  of  the  main  body  of  the  sand  by 
the  escaping  air. 
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The  Effect  upon  Bacterial  Purification  of  Freezing  the 

Surface  Layers  of  a  Filter. 

The  freezing  of  the  upper  layers  of  a  filter  which  has  been  drained 
also  appears  to  aid  in  causing  the  passage  of  more  bacteria  through 
the  filter.  The  weather  during  the  second  and  third  week  in  Decem- 
ber was  very  cold  and  the  surface  of  No.  3  B  froze  during  the  night 
after  draining.  The  last  week  in  the  month  was  much  warmer. 
Upon  comparison  of  the  results  below  with  those  presented  above 
it  will  be  seen  that  No.  3  B  was  less  efficient  than  usual  during  the 
severe  weather,  but  the  results  became  normal  again  when  warmer 
weather  appeared. 


Average  Weekly . 

Numbers  of  Bacteria  per  Cubic  Centimeter, 
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86 

Effect   upon  Bacterial  Purification  of  Rapidly  Filling 

Filters  from  Below  after  Draining. 

Daring  November  several  of  the  small  filters,  when  their  pores 
contained  more  or  less  air,  were  filled  from  below  with  filtered 
water.  It  is  not  known  definitely  how  fast  the  water  flowed  into 
the  filters,  but  in  a  majority  of  cases  the  rate  was  high,  —  probably 
equivalent  to  5,000,000  gallons  per  acre  daily  or  more. 

More  information  is  needed  upon  this  point,  but  from  the  i^esults 
given  below  it  is  clear  that  by  rapidly  filling  a  filter  from  below  it 
is  possible  to  disturb  the  sand  so  that  the  bacterial  eflBciency  will  be 
much  diminished  upon  resuming  filtration. 

In  the  case  of  the  several  filters  in  question  the  numbers  of 
bacteria  in  the  effluents  during  the  three  days  before  and  three  days 
after  filling  from  below  are  as  follows :  — 
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Average  Daily  Numbers  of  Baeteria  per  Cubic  Centimeter. 
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In  some  instances  only  a  very  small  portion  of  water ,  applied 
after  the  filter  was  put  in  operation  after  filling  from  below,  appeared 
during  that  day  as  effluent.  Under  such  circumstances  the  bacteria 
were  lower  than  on  the  following  day. 

Some  experiments  have  been  made  upon  Filter  No.  8  A,  in  which 
the  filter,  after  scraping,  was  filled  from  below  with  city  (filtered) 
water  at  a  rate  not  exceeding  1,500,000  gallons  per  acre  daily.  The 
results  thus  far  obtained  indicate  that  no  diminution  in  the  bacterial 
efficiency  follows  this  operation. 


COXCLUSIONS. 

From  the  evidence  at  hand  it  appears  &ir  to  conclude  that  — 

1.  No  appreciable  diminution  in  the  bacterial  efficiency  of 
the  experimental  filters  followed  scraping,  provided  there  was  no 
mechanical  disturbance  of  the  main  body  of  the  sand. 

2.  Filters  may  be  scraped  without  interfering  with  their  bacterial 
efficiency  by  draining  the  water  slightly  below  the  surface  of  the 
8aud  and,  after  scraping,  slowly  filling  from  the  top. 

3.  Filters  may  be  drained  and  slowly  filled  from  below,  after 
scraping,  without  diminishing  their  bacterial  efficiency. 

4.  When  filters  are  drained  and  filled  quickly  from  below,  after 
scraping,  there  is  an  increase  in  the  number  of  bacteria  in  the  effluent. 

5.  When  filters  are  drained  and  filled  rapidly  from  the  top  a 
disturbance  of  the  sand  follows  in  the  case  of  some  of  the  experi- 
mental filters,  which  causes  a  diminution  in  the  bacterial  efficiency. 
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The  Effect  upon  Bacterial  Purification  op  the  Amount  of 

Loss  of  Head. 

In  some  places  abroad  it  is  believed  that  the  bacterial  efficiency 
of  a  filter  decreases  as  the  loss  of  head  increases  beyond  a  certain 
limit.  For  this  and  other  reasons  several  of  the  most  recently  con- 
structed water  filters  in  Germany  are  so  arranged  that  the  available 
head  is  very  much  less  than  the  total  depth  of  water  and  sand ;  in  fiict, 
in  some  instances  the  available  head  is  less  than  2.5  feet.  The  Law- 
rence results  obtained  in  1892  have  been  arranged  to  throw  light  upon 
this  subject  and  are  presented  in  the  table  below.  In  all  cases  these 
filters  were  scraped  when  the  loss  of  head  equalled  the  total  depth  of 
sand  and  water ;  and  it  was  just  before  scraping,  of  course,  that  the 
loss  of  head  approximated  the  maximum.  The  next  table  shows 
the  average  number  of  bacteria  per  cubic  centimeter  in  the  efiiuent 
during  the  three  days  before  and  the  three  days  after  scraping  each 
filter,  as  well  as  the  numbers  during  the  intermediate  days,  that  is, 
the  remaining  days  of  each  period  between  scrapings.  Owing  to 
the  growth  of  bacteria  in  some  of  the  filters  during  mid-summer 
(see  Annual  Report  for  1892,  page  530)  the  results  are  divided 
into  three  periods,  viz. :  spring,  summer  and  fall.  It  may  also  be 
stated  that  the  numbers  of  bacteria  in  the  effluents  during  each  of 
the  three  days  before  scraping  were  substantially  the  same  with  the 
exception  of  a  few  instances  in  mid-summer  when  the  bacterial 
growths  occurred. 

Summary  of  Remits  showing  Uniformity  of  Bacterial  Purification  by  Water  Fitters 

during  Periods  between  Scrapings — 2892, 
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These  results  show  that  during  the  spring  and  fall  there  was  no 
diminution  in  the  bacterial  efficiency  of  these  experimental  filters 
as  the  loss  of  head  approached  and  reached  the  maximum  (total 
depth  of  water  and  sand)  ;  neither  was  there  any  apparent  difference 
in  this  resrard  between  those  filters  which  had  a  maximum  loss  of  head 
of  70  inches  and  those  in  which  the  maximum  loss  was  less  than 
half  of  this  amount.  It  will  be  seen  that  during  midsummer  the 
highest  number  of  bacteria  in  the  effluent  in  some  cases  did  appear 
when  the  loss  of  head  was  greatest.  This  was  undoubtedly  due  to 
the  conditions  existing  in  the  filter  which  fisivored  the  continuance 
of  life  and  growth  of  certain  species  of  bacteria,  and  the  high  num- 
bers occurred  just  before  scraping  and  when  the  loss  of  head  was 
greatest,  because  the  accumulation  of  organic  matter  (food)  was 
largest  at  that  time. 

The  average  results  obtained  from  all  of  the  small  water  filters  in 
1893  with  regard  to  this  point  are  presented  in  the  table  on  page 
463.  These  averages  contain  all  results,  including  those  of  mid- 
sommer,  when  the  abnormal  growth  of  bacteria  occurred  within  the 
filters.  This  growth,  however,  was  much  less  marked  than  in  1892. 
The  final  averages  for  1893  confirm  the  results  obtained  during  the 
preceding  year  and  show  clearly  that  with  these  experimental  filters, 
under  the  existing  methods  of  operation,  there  is  ordinarily  no  ap- 
preciable diminution  in  the  bacterial  efficiency  caused  by  increases 
in  loss  of  head  up  to  70  inches. 

In  the  case  of  the  continuous  Filter  No.  8  A  (one  two-hundredth 
of  an  acre  in  area)  there  were  several  occasions,  notably  December 
1  and  29  (see  beyond),  when  the  number  of  bacteria  increased  in 
the  efiluent,  just  before  scraping,  and  the  loss  of  head  reached  the 
total  depth  of  the  filter.  There  was  no  trap  on  the  outlet  pipe  of 
this  filter,  and  the  bacteria  in  the  effluent  did  not  increase  until  the 
loss  of  head  had  practically  reached  the  maximum  and  when  there 
was  not  enough  pressure  on  the  open  gate  to  cause  the  prescribed 
quantity  of  effluent  to  pass.  Under  these  circumstances  air  entered 
the  filter  through  the  outlet  pipe,  and  the  water  probably  filtered 
through  the  sand  in  certain  places  of  least  resistance  at  a  relatively 
high  rate.  It  is  believed  that  these  results  are  very  exceptional  and 
caused  by  the  entrance  of  air  from  below  through  the  untrapped 
outlet.  It  is  of  importance  to  note  that  the  bacterial  results  were 
normal  so  long  as  there  was  any  pressure  upon  the  outlet  gate  in 
excess  of  that  necessary  for  the  passage  of  the  prescribed  quantity 
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of  water.  Furthermore,  the  outlet  was  kept  trapped  at  later  dates 
and  no  increase  in  the.  numbers  of  bacteria  in  the  effluent  wsis 
found  just  before  scraping,  although  the  scraping  was  deferred  until 
the  filter  ran  nearly  dry. 

It  is  also  to  be  noted  that  in  the  case  of  the  Lawrence  city  filter 
during  January  and  February  (see  tables  beyond)  the  number  of 
bacteria  in  the  effluent  remained  reasonably  constant  up  to  February 
19,  the  date  when  scraping  in  sections  began,  although  the  loss  of 
head  increased  from  3  to  7.6  feet. 


The  Effect  upon  the  Bacterial  Purification  of  the  Method 

OF  Application  of  Water. 

In  comparing  the  efficiency  of  the  intermittent  with  that  of  the 
continuous  filters  it  is  to  be  kept  in  mind  that  several  different  waj^s 
have  been  employed  for  allowing  the  entranc/C  of  air  into  the  pores 
of  the  intermittent  water  filters.     In  most  cases,  up  to  October  1, 
1893,  the  outlets  of  the  intermittent  filters  have  been  untrapped 
and  kept  wide  open,  while  the  rate  of  filtration  of  water  has  been 
regulated  at  the  inlet  on  the  surface ;  these  filters  have  been  worked 
sixteen  hours  a  day  on  six  days  in  a  week  and  allowed  to  drain  the 
remainder  of  the  time.     Other  filters,  such  as  the  older  ones,  No. 
18  A  and  20  A,  also  had  the  outlet  untrapped  and  wide  open,  but 
received  the  contents  of  a  small  reservoir  which  was  automatically 
discharged  upon  the  surface  at  frequent  and  regular  intervals,  days, 
nights  and  Sundays.     Beginning  October  1,  1893,  all  of  the  inter- 
mittent filters  have  been  operated  as  follows  :  at  5  a.m.,  after  drain* 
ing,  the  untrapped  outlet  has  been  closed  and  the  water  turned  on 
at  the  top,  which  forces  out  the  air  at  the  surface.     When  the  sur- 
face is  covered  and  the  air  driven  out  of  the  pores  of  the  sand 
(about  7.30  a.m.)  the  gate  on  the  outlet  pipe  is  opened  to  give 
the  prescribed  rate  and  the  surface  kept  covered  with  water.     At  9 
P.M.  the  water  is  shut  off  at  the  top  and  the  filter  allowed  to  drain 
over  night.     In  this  method  of  operation  there  are  two.  features 
which  are  not  necessarily  a  part  of  intermittent  filtration. 

I.  The  actual  rate  of  filtration  during  the  hours  the' filter  was 
operated  was  50  per  cent,  higher  than  the  average  rate  for  twenty- 
four  hours  in  order  that  the  yield  of  effluent  in  sixteen  hours  should 
equal  that  of  the  continuous  mate  in  twenty-four  hours. 
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n.  The  exclasion  of  air  from  the  pores  of  the  sand  by  the 
manner  of  filling  the  filters  and  the  resulting  disturbance  of  the 
surface  by  the  escaping  air. 

In  stndpng  the  results  obtained  from  the  several  pairs  of  in- 
tei-mittent  and  continuous  filters,  Ti^hich  are  presented  below,  the 
different  methods  of  operation  of  the  intermittent  filters  are  not 
to  be  forgotten,  and  are  as  follows:  up  to  October  1  and  from 
Noyember  21  to  30  the  intermittent  filters,  Nos.  41,  45,  47  and  48, 
were  operated  sixteen  hours  a  day  on  six  days  in  a  week,  with  the 
outlet  untrapped  and  wide  open  and  the  rate  of  filtration  regulated 
at  die  inlet  at  the  surfiice.  During  the  rest  of  the  period  covered 
by  these  results  the  untrapped  outlet  was  closed  after  draining  and 
water  applied  at  the  top ;  when  the  sur&ce  was  covered  the  outlet 
was  opened  to  give  the  prescribed  rate. 


TabU  showing  a  Compariion  of  the  Number  of  Bacteria^  per  Oubic  Centimeter^ 
arranged  as  Weekly  Averages^  in  the  Effluents  of  each  Fair  of  Continuous  antt 
Intermittent  Filters. 
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The  results  obtained  from  Filters  Nos.  3  B  and  8  A  are  instructive 
in  this  connection ;  the  summarized  and  detailed  results  are  given  in 
tables  which  may  be  found  beyond. 

The  results  at  hand,  obtained  from  the  several  pairs  of  continuous 
and  intermittent  filters,  show  — 

1.  That  in  the  case  of  the  filters  of  very  fine  sand  (in  which  there 
is  a  saturated  layer  of  considerable  depth)  the  bacterial  efiiciency  was 
substantially  the  same  by  each  method  employed  in  the  application 
of  water  during  the  greater  part  of  the  period,  but  during  mid- 
summer (July  24  to  September  2)  the  continuous  filter  allowed  a 
few  more  of  the  hardy  water  bacteria,  but  not  of  B.  prodigiostis^  to 
pass  through. 

2.  That  with  filters  of  coarser  sands,  operated  at  comparatively 
high  rates,  the  continuous  filters  were  ordinarily  more  efficient  in 
removing  bacteria  than  the  intermittent  filters  under  the  existing 
jnethods  of  operation.  The  reason  of  this  is  that  the  actual  rate  of 
:flow  was  lower  and  more  uniform  and  there  was  no  mechanical  dis- 
turbance of  the  sand  as  was  the  case  during  the  greater  part  of  the 
period  with  the  intermittent  filters,  owing  to  the  manner  of  filling 
;and  driving  out  the  air  at  the  surface. 


Chemical  Purification  of  Water  by  Filtration. 

The  results  of  the  chemical  analyses,  from  May  to  November, 
inclusive,  indicate  that  on  an  average  45  per  cent,  of  the  total 
albuminoid  ammonia,  of  which  15  to  20  per  cent,  is  usually  in  sus- 
pension, in  the  applied  river  water  appeared  in  the  effluents.  The 
total  albuminoid  ammonia  of  the  river  water  which  appears  in  the 
effluents  ordinarily  ranges  from  35  to  60  per  cent. ;  the  extremes  are 
30  and  70  per  cent. 

A  comparison  of  the  efficiency  vnth  regard  to  the  removal  of 
organic  matter  of  filtration  under  different  conditions  is  presented 
below.  For  details  regarding  methods  of  operation  and  results  of 
analyses  see  pages  beginning  with  488. 
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TtAle  shoioing  Per  Cent,  of  Albuminoid  Ammonia  in  Applied  Water  which  appeared 
in  the  several  Sffluenta  at  Different  Satee  of  Fitlralion. 
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In  filters  of  these  materials^  and  in  which  nitrification  is  well 
established,  the  rate  of  filtration,  within  these  limits,  appears  to 
exert  very  little  or  no  influence  upon  the  removal  of  organic  matter. 


Uffect  of  Size  of  Sand  Orain. 

The  results  obtained  in  October  and  November  were  selected  for 
the  following  table  because  they  were  obtained  under  comparable 
conditions. 
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J.    Continuous  FiUers. 
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In  continuous  and  intermittent  filtration,  through  materials  of 
these  limits  in  effective  size  and  under  the  given  conditions  of 
operation,  there  was  no  marked  difference  in  the  amounts  of  organic 
matter  removed  from  the  applied  water  by  the  filters  which  were 
filled  with  sand  of  different  effective  sizes. 


Bffect  of  Depth  of  Materiah 


KUMBBR  OF  FXLTXB. 

EffedlTe 

Slxeof 

Sand  Grain. 

Mailmeter. 

Depth  In 
Inchea. 

Arerage  Rate 
of  Filtration. 

Miuion'oal. 

ions  per 
Acre  Dally. 

Period. 
189S. 

Per  Cent. 

ofAUramlnold 

Ammonia  In 

Applied  Watw 

which 

Appeared  In 

ICfllaeau. 

Percent 

which  Oxygen 

OonanmMlftii 

Efllnente  vaa 

of  that  In 
Applied  Water. 

87,      , 

38, 

30.     . 

42. 

44, 

46,     . 

44, 

.20 
.20 
.20 
.20 
.29 
.29 
.29 

66 

20 

1 

10 
60 
12 
60 

2.6 
1.8 
1.8 
1.8 
2.6 
2.9 
6.7 

May  and  Jnne. 
May  and  June. 
May  and  June. 
May  and  Jnne. 
May  and  June. 
Oct.  and  Nov. 
Oct.  and  Nov. 

46. 

46. 
47. 
47. 
64. 
49. 
49. 

81. 

81. 
78. 
86. 
74. 
80. 
80. 

There  was  practically  no  difference  in  the  power  of  removal  of 
organic  matter  from  the  river  water  by  the  several  filters  of  each 
series.  It  is  to  be  remembered  that  in  addition  to  the  sand  each 
filter  contained  5  inches  of  underdrains. 

In  1892  the  results  obtained  from  the  first  series  of  filters  indicated 
that  the  deeper  were  somewhat  more  effective  than  the  shallower 
filters.  It  is  believed  that  the  1893  data  are  fairer  because  they  were 
obtained  under  strictly  comparable  conditions. 
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Effect  of  the  Method  of  Application  of  Water. 

In  the  Annual  Report  of  the  Board  for  1892  (page  466)  it  was 
shown  that  there  was  practically  the  same  amount  of  free  and  albu- 
minoid ammonia  in  the  effluents  of  the  continuous  and  the  intermit- 
tent filters.  The  nitrates,  however,  were  higher  in  the  effluents  of 
the  latter. 

It  is  to  be  again  stated  that  it  is  necessary  to  consider  the  differ- 
ent methods  practised  in  running  the  intei*mittent  filters,  and  the 
peculiar  features  of  each.  In  this  connection  see  page  472. 
»  Nearly  all  of  the  samples  of  effluents  of  intermittent  filters  analyzed 
during  1892  were  collected  within  two  or  three  hours  of  the  time 
when  the  effluent  began  to  flow  after  the  interval  of  rest.  The 
results  of  the  analyses  of  more  extended  series  of  samples  col- 
lected daring  different  hours  of  the  day  in  1893  show  that  such 
samples  in  a  majority  of  cases  are  not  representative  with  respect  to 
the  nitrates  in  the  case  of  the  effluents  of  intermittent  filters  under 
the  existing  method  of  operation.  The  variations  are  shown  by  the 
representative  analysis  given  below  of  samples  from  No.  41,  taken 
on  September  20.  This  filter  was  operated  sixteen  hours  a  day  with 
the  faucet  below  always  open  and  untrapped,  the  rate  regulated  at 
the  top  and  the  filter  allowed  to  drain  during  the  remaining  hours. 


[PlirU  per  100,000.] 


IT-  -      a 

Hoor. 

Oallons 

paM«d 

•inee  In- 

terra]  of 

Beat. 

Color. 

Ammonu. 

Cbto- 
rloe. 

NiTBOOBII  48 

Ozrcen 

EVfLUkvT  vr 

Free. 

Alba- 
mlnold. 

Nitrates. 

NltrltM. 

Con- 
samcd. 

41.     .       . 

S.ftS  AM, 

1 

.18 

.0010 

.0084 

.92 

.0290 

.0000 

.21 

41.     .       . 

9.U  A.M. 

8 

.18 

.0012 

.0076 

.98 

.0880 

.0000 

.21 

41,     .       , 

11.90  PJI. 

SS 

.19 

.0014 

.0092 

.99 

.0810 

.0000 

.29 

41.     .       , 

i.ao  P.X. 

40 

.90 

.0020 

.0108 

.29 

.0900 

.0000 

.22 

41.     . 

S.06  P.X. 

A9 

.90 

.0082 

.0100 

.29 

.0240 

.0000 

.22 

41,     .       . 

ft.OO  PJI. 

70 

.90 

.0022 

.0092 

.29 

.0280 

.0000 

.23 

83A,         . 

•9.14  A.X. 

- 

.99 

.0018 

.0090 

.99 

.0280 

.0000 

.24 

Applied  water, 

10.26  AJI. 

- 

.85 

.0054 

.0108 

.22 

.0160 

.0000 

.42 

While  it  is  seen  that  there  is  a  marked  variation  durins^  the  day 
in  the  nitrates  of  the  effluent  of  this  intermittent  filter  under  these 
conditions  of  operation  there  is,  under  ordinary  circumstances,  sul)- 
Btantially  no  change  in  the  effluent  of  continuous  filters.     This  is 
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shown  by  the  following  table  in  which  are  given  the  average  results 
of  three  sets  of  samples  collected  at  9  a.m.  and  3  p.m.  from  the  efflu- 
ent of  No.  33  A  the  mate  of  No.  41. 


[Parts  p«r  100,000.] 


Color. 

AmfOKlA. 

Cblorine. 

NlTBOOB*  AS 

Coo- 
mmed. 

Hous. 

Freo. 

▲Ibaminoid. 

KItratai. 

KItzttet. 

9A.X 

8P.X.,    .... 

.2T 
.28 

.0017 
.0019 

.0110 
.0110 

.20 
.20 

.0260 
.0250 

.0000 
.0000 

.20 
.31 

In  the  table  below  are  given  the  average  results  obtained  in 
October  and  November  from  the  effluent  of  four  pairs  of  continuous 
and  intermittent  filters.  The  intermittent  filters  were  operated  six- 
teen hours  daily,  six  days  in  a  week,  with  the  outlets  untrapped  and 
closed  while  the  filters,  after  draining,  were  filled  with  water  from 
the  top.  After  the  air  was  driven  from  the  pores  and  the  surface 
covered  the  outlet  gate  was  opened  to  give  the  prescribed  rate  of 
flow.  Samples  were  collected  at  difierent  hours  during  the  day  from 
the  effluent  of  the  intermittent  filters,  and  it  is  believed  that  the 
results  below,  which  correspond  to  the  results  of  the  analyses  of 
samples  collected  four  to  six  hours  after  the  period  of  rest,  are 
representative  for  the  period. 

Conlintums  Filters. 


l^DMBBB  or  FILTBI. 


Effective 

8iM  of  8and 

OraiD. 

Miliimeter. 


Arenge  Rate  of 
Filtration. 

MUUonOalloiu 
per  Acre  Dally. 


Per  Cent 
of  Albuminoid 

Ammonia  In 
Applied  Water 
wbldi  appeared 

InKmoant. 


Per  Cent,  of 

Oxygon 

Consumed  In 

Applied  Water 

which  Appeared 

inEfflnont. 


KltrnfTPn 
Mtratei 


(Pane 
lOOJDQO.) 


83  A, 
48.  . 
44,  . 


49,. 


.14 
.20 


.88 


2.4 

8.2 
8.7 
4.0 


44. 

40. 
40. 

49. 


T8. 

T8. 
80. 
78. 


.OMO 
.0910 
.OMO 


Intermittent  Filters, 


41. 

.14 

1.7 

46. 

78. 

.0250 

46. 

.28 

2.7 

60. 

76. 

.0230 

47 

.20 

2.7 

60. 

78. 

•OSOO 

48, 

.88 

2.4 

67. 

80. 

.0220 
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These  resalts  indicate  that  during  these  months  there  was  practi- 
cally no  difference  in  the  average  chemical  purification  effected  by  the 
continuous  and  intermittent  filters  under  existing  conditions  of  oper- 
ation. The  most  substantial  confirmation  of  this  is  that  Filters  Nos. 
33  A  and  41 ,  a  pair  which  had  been  operated  over  a  year  and  a  half, 
contained  substantially  the  same  amount  of  organic  nitrogen  in  the 
sand  on  December  8,  at  the  end  of  the  period  covered  by  the  analy- 
ses presented  above.  The  amount  of  organic  matter  in  the  sand 
removed  by  scraping  was  also  the  same  (see  tables,  pages  484-486). 

During  the  period  of  rest  (8  hours)  in  the  intermittent  filters  for 
the  greater  part  of  the  year  there  was  increased  nitrification  of  the 
organic  matter  stored  in  the  sand ;  when  water  was  again  applied  the 
nitrates  formed  during  the  period  of  rest  were  gradually  washed  out, 
giving  a  higher  quantity  for  several  hours  than  is  found  in  the  efflu- 
ents of  continuous  filters.  After  a  time,  depending  upon  the  rate 
of  flow,  these  high  nitrates  fall  to  the  normal.  The  reason  that  the 
continuous  filtration  of  water  is  successful,  while  with  sewage  this 
method  is  a  failure,  is  that  the  applied  water  contains  dissolved 
oxygen  and,  as  will  be  seen  from  the  table  (page  482),  the  dis- 
solved oxygen  in  the  effluents  of  the  continuous  filters  has  never 
been  found  wanting.  It  is  to  be.  remembered  in  this  connection 
that  it  was  shown  in  the  Special  Report  upon  Purification  of  Sew- 
age and  Water,  1890,  page  730,  that  a  small  amount  of  oxygen  (1 
to  3  per  cent.)  in  the  air  of  the  filter  was  effective,  provided  the 
air  was  changed  so  often  that  some  oxygen  was  always  present  at 
every  point. 

The  results  presented  above  are  for  the  fall  months,  and  it  is  be- 
lieved that  they  are  representative  for  the  spring  months  also.  But 
the  evidence  at  hand  indicates  that  the  results  are  different  in  the 
warmest  summer  weather  and  in  the  severest  winter  weather. 

In  mid-summer  the  conditions  for  nitrification  appear  to  be  the 
most  favorable  both  in  continuous  and  intermittent  filters  but  it  is 
more  marked  in  the  case  of  the  latter.  This  is  brought  out  by  the 
following  table  of  monthly  averages  of  effluents  of  Filters  Nos.  33  A 
and  41  and  by  a  series  of  analyses  of  the  effluents.  It  will  be  noted 
that  high  nitrates  in  the  effluent  of  the  intermittent  filter  (outlet 
untrapped  and  kept  wide  open)  were  found  when  the  quantity  of 
effluent  yielded  after  the  period  of  rest  exceeded  the  quantity  of 
water  held  in  the  pores  of  the  sand.  In  the  case  of  the  continuous 
as  well  as  of  the  intermittent  filter  the  effluent  contained  at  times 
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more  nitrogen  than  the  applied  water,  showing  a  remoyal  of  organic 
matter  stored  in  the  sand.  In  most  instances  the  samples  from 
No.  41  were  collected  at  2  p.m.  when  series  of  samples  were  not  taken. 

MofUKly  Averages  of  Chemioal  Analyses, 

[Pftrto  p«r  100,000.] 

June,  1893. 


Color. 

Amkomia. 

Chlorine. 

NlTSOGKH  At 

Con- 
•aiaed. 

Free. 

Albuminoid. 

Kitmtce. 

Nltrttee. 

Effluent  of  Filter  No.  88  A, 
Effluent  of  Filter  No.  41, . 
Applied  water,  . 

.28 
.30 
.37 

.0011 
.0014 
.0076 

.0067 
.0104 
.02S2 

.16 
.10 
.17 

.0685 
.0166 
.0180 

.0000 
.0000 

.0000 

1 

.» 

.80 

.40 

July,  1893, 


Effluent  of  Filter  No.  83  A, 

.22 

.0016 

.0006 

.19 

.0847 

.0000 

.21 

Effluent  of  Filter  No.  41, . 

.21 

.0027 

.0106 

.90 

.0407 

.0000 

.28 

Applied  water, . 

.86 

.0100 

.0260 

.19 

.0200 

.0002 

.34 

August,  1893. 


Effluent  of  Filler  No.38  A, 

.17 

.0088 

.0098 

.20 

.9207 

.0018 

.16 

Effluent  of  Filter  No.  41, . 

.17 

.0018 

.0097 

.20 

.0864 

.0000 

.16 

Applied  water,  .       .       • 

.29 

.0108 

.0268 

.20 

.0180 

.0001 

.28 

Results  of  a  Series  of  Chemical  Analyses  on  August  22, 1893, 

[Parts  per  100,000.] 


Hour. 

Color. 

Ammonia. 

1 

NlTBOOBH  AS 

Free. 

Albu- 
minoid. 

Nitrates. 

mtritn. 

» 

9.60a.m. 

.18 

.0082 

.0068 

.21 

.0490 

.0006 

.13 

Effluent  of  Filter  No.  41  (Inter.  1 
mlttent) .                                    | 

1.26P.X. 

.19 

.0062 

.0116 

.21 

.0580 

.0000 

.U 

k 

8.12  P.X. 

.19 

.0014 

.0066 

.21 

.0680 

.0090 

.14 

Effluent  of  Filter  No.  88A(oon- f 

10.20A.X. 

.19 

.0016 

.0106 

.81 

.0880 

.0660 

.U 

tlouous).                                    1 

2.17P.X 

.19 

.0012 

.0116 

.21 

.0290 

.0014 

-IT 

Applied  water,      .... 

2.05  P.X. 

.28 

.0070 

.0960 

.21 

.0190 

.0004 

.89 

The  above  results  obtained  in  the  warmest  weather  Indicate  with 
regard  to  nitrification  that,  under  the  existing  conditions  of  opera- 
tion,  the  advantage  lies  with  the  intermittent  filters.     During  the 
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winter  months,  with  another  pair  of  filters,  Nos.  3  B  and  8  A,  the 
advantage  lay  with  the  continuous  fitter,  as  shown  by  the  following 
table  of  monthly  averages.  No.  3  B  was  operated  intermittently,  — 
drained  8  hours  daily,  outlet  untrapped  and  closed  while  filling; 
No.  8  A ,  continuously.  The  analyses  were  made  of  mixed  samples 
collected  in  portions  at  different  hours  during  the  day  and  are  believed 
to  be  representative. 

Monthly  Averctges  of  Chemical  Analyses, 

[PftrU  par  180,000.] 

l>eeember,  1893, 


Color. 

AmcoiriA. 

CUoftai. 

VlTIOOB>  At 

Oxygen 

Con- 
•mntd. 

Free. 

AlbowliieM. 

HltntM. 

««-. 

Sffloent  of  FUtor  No.  8  B, 
Efflaent  of  FUUr  Ko.  8  A, 
Applied  water.  • 

.88 

.87 
.44 

.0020 
.0021 
.0057 

.0121 
.0117 

.om 

.90 
.20 
.90 

.0100 
.0290 
.0160 

.0000 
.0000 
.0000 

.49 

.80 
.49 

January^  1894. 


XffliMBiof  Filter  Ko.  8B, 

.88 

.0081 

.0117 

.91 

.0950 

.0000 

.86 

Efflaent  of  Filter  No.  8  A, 

.87 

.0010 

.0115 

.91 

.0800 

.0000 

.86 

Applied  water,  • 

.48 

.0066 

.0164 

.91 

.0150 

.0001 

.41 

February^  1894, 


Effluent  of  FUter  No.  8  B, 

.84 

.0018 

.0107 

.22 

.0970 

.0000 

.86 

Effluent  of  FUter  No.  8  A, 

.82 

.0017 

.0106 

.92 

.0810 

.0000 

.88 

Applied  water, . 

.40 

.0068 

.0160 

.99 

.0180 

.0001 

.49 

March,  1894. 


Efflaent  of  Filter  No.  8B, 

.40 

.0014 

.0006 

.15 

.0180 

.0000 

.85 

Efflaent  of  Filter  No.  8  A, 

.80 

.0010 

.0102 

.15 

.0180 

.0000 

.84 

Applied  water,  . 

.47 

.0040 

.0108 

.15 

.0180 

.0001 

.46 

The  differences  in  nitrification  were  most  marked  in  January  and 
February  and  disappeared  in  March.  The  reason  of  this  is  not  yet 
fully  understood,  but  it  is  possible  that  the  daily  exposure  of  the 
sarface  of  No.  3  B  where  most  of  the  organic  matter  is  stored,  to  the 
cold  atmosphere  and  the  occasional  formation  of  frost,  may  have  in- 
terfered with  the  bacterial  activity  necessary  for  nitrification.     It  is 
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significant  that  series  of  samples  taken  at  frequent  intervals  during 
the  day  from  the  effluent  of  No.  3  B  showed  no  marked  yariations  in 
amount  of  nitrates  during  the  cold  weather,  but  in  April  the  series 
were  similar  to  those  obtained  from  No.  41  on  September  20,  1893, 
and  which  were  presented  on  page  477. 

While  considerable  light  has  been  obtained  upon  this  subject  it  is 
still  necessary  to  have  additional  data  before  we  can  draw  final  con- 
clusions as  to  the  relative  merits  of  the  two  methods  as  well  as  to  the 
best  way  of  operating  a  filter  intermittently. 

Dissolved  Oxygen  in  the  JSffluents. 

In  the  table  below  is  given  the  average  amount  of  dissolved  oxygen 
in  the  applied  river  water  and  in  the  effluents  of  the  several  filters. 
In  no  case  was  an  absence  of  oxygen  noted  in  the  effluents  of  con- 
tinuous filters.  The  effluents  of  the  intermittent  filters  contained 
much  more  oxygen  than  did  the  effluents  of  continuous  filters,  and 
during  midsummer  the  amount  was  in  excess  of  that  in  the  applied 
water.  The  analyses  were  made  about  four  hours  after  the  expira- 
tion of  the  period  of  rest  in  the  intermittent  filters,  and  it  is  probable 
that  the  quantity  became  less  as  the  filter  continued  in  operation. 


Per  Cent,  which  the  Oxygen  dissolved  in  the  Applied  Water  and  Effluents  was  of 

that  necessary  for  Saturation  at  actual  Temperatures, 


Datb— 
1888. 

In 
Applied 
Water. 

Ik  EFrLUBMTS  FROM  FiLTSBS  NUXBBa  — 

ISA 

88  A. 

84A. 

88  A. 

88  A. 

87. 

88. 

80. 

41. 

48. 

48. 

44. 

48. 

48. 

47. 

48. 

48. 

January,     . 

03. 

98. 

79. 

73. 

96. 

69. 

70. 

79. 

79. 

99. 

86. 

- 

- 

- 

- 

- 

- 

- 

February,    . 

96. 

98. 

71. 

74. 

74. 

66. 

72. 

78. 

86. 

99. 

80. 

- 

- 

- 

- 

- 

- 

- 

Marefa, 

91. 

98. 

69. 

80. 

100. 

66. 

76. 

82. 

84. 

100. 

86. 

- 

- 

- 

- 

- 

- 

- 

April,  . 

100. 

100. 

76. 

76. 

94. 

86. 

69. 

78. 

86. 

96. 

86. 

- 

- 

- 

- 

- 

- 

- 

May,    .       . 

86. 

97. 

66. 

66. 

91. 

71. 

66. 

68. 

60. 

89. 

74. 

100. 

98. 

- 

- 

- 

- 

- 

Jone,  . 

76. 

91. 

88. 

64. 

84. 

64. 

62. 

48. 

88. 

61. 

68. 

74. 

76. 

- 

- 

- 

- 

• 

July,    .      . 

62. 

93. 

8. 

22. 

89. 

16. 

- 

21. 

62. 

91. 

11. 

80. 

88. 

97. 

- 

- 

- 

- 

Augoat, 

69. 

92. 

12. 

18. 

60. 

86. 

- 

27. 

66. 

79. 

42. 

88. 

69. 

96. 

66. 

- 

- 

- 

Septembar, . 

81. 

89. 

81. 

88. 

- 

- 

- 

60. 

- 

86. 

66. 

49. 

46. 

98. 

40. 

•9. 

99. 

69. 

OotobtfT,      . 

86. 

96. 

64. 

- 

- 

- 

- 

47. 

- 

94. 

64. 

60. 

71. 

98. 

67. 

99. 

100. 

61. 

November,  . 

96. 

100. 

81. 

- 

- 

- 

- 

88. 

- 

98. 

81. 

81. 

80. 

97. 

81. 

97. 

08. 

88. 

December,  . 

98. 

100. 

87. 

- 

- 

- 

- 

82. 

- 

96. 

82. 

86. 

83. 

98. 

1 

86. 

96. 

100. 

88. 
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The  Removal  of  Colob  from  Wateb  by  Filtbation. 

The  per  cent,  of  color  of  the  applied  water  which  appeared  in  the 
effluents  of  those  filters  started  in  1892  was  shown  in  the  Annual 
Report  for  that  year  to  be  55 ,  on  an  average,  after  there  had  been 
filtered  400,000,000  gallons  of  water  per  acre.  In  1893,  after 
800,000,000  gallons  per  acre  had  been  filtered,  the  average  amount 
of  color  in  the  effluents  was  65  per  cent*  of  that  in  the  applied 
water. 

The  filter  two  feet  deep  (No.  38)  was  as  efficient  as  those  five 
feet  deep. 

The  filters  constructed  in  1893  contained  sand  from  Gale's  Hill,  a 
different  source  from  that  used  for  the  earlier  filters.  This  sand  was 
also  used  for  the  Lawrence  city  filter.  While  in  the  earlier  filters  it 
was  found  that  the  sand  was  most  effective  in  removing  color  when 
new,  the  Band  from  Gale's  Hill  removed  prfictically  none  at  first  but 
gradually  acquired  this  power,  although  apparently  to  a  somewhat 
less  exteot  than  was  possessed  by  the  sand  used  in  1892  for  filling 
filters. 

The  mineral  analyses  of  the  two  sands  are  as  follows :  — 

No.  38  (1892)  sand  contained  98.70  per  cent,  of  material  in- 
soluble in  strong  sulphuric  acid  kept  at  the  boiling  temperature  for 
two  hours ;  0.75  per  cent,  of  alumina ;  0.30  per  cent,  oxide  of  iron 
and  0.02  per  cent,  oxide  of  manganese. 

Gale's  Hill  (1893)  sand  contained  97.70  per  cent,  of  material  in- 
soluble in  strong  sulphuric  acid  kept  at  the  boiling  temperature  for 
two  hours ;  0.96  per  cent,  of  alumina ;  0.54  per  cent,  oxide  of  iron 
and  0.13  per  cent,  oxide  of  manganese* 
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Number  or  Bacteria  and  Amount  of  Nitrogen  found  in  the 
Sand  of  the  Several  Water  Filters,  December  8,  1893. 

On  this  date,  after  the  filters  had  drained  twenty-four  hours, 
numerous  samples  of  sand  at  different  depths  were  taken  from  each 
filter  and  analyzed  chemically  and  bacterially,  with  results  as  fol- 
lows :  — 


NUMBBB 

or 

FiLTBB. 


Depth. 
(Inebet.) 


Method 
of  Operation. 


Leiiffth  of  Time 
In  Operation. 


Minion 
OaDoniper 

Acre 

Filtered  to 

Date. 


Average 
Bomber  of 

Bacteria 

In  Sand  per 

Oram. 


Origioal 

Hltro^enln 

Rand. 

(PartR  per 
100,0110) 


ATerage 

Inereaaeof 

NItrofen 

in  Sand.* 

(Parm  r<t 
100,000.) 


ISA,  . 

80 

83A,  . 

80 

88,   . 

U 

41,   . 

80 

«.   . 

12 

43.   . 

80 

44,   . 

80 

45,   . 

80 

48,   . 

12 

47,   . 

80 

48.   . 

80 

49,   . 

80 

Intermittent. 

Contlnaona. 

OoDtinuona. 

Intermittent. 

Contlnaona. 

Continnona. 

Contlnaona. 

Intermittent. 

Contlnaona. 

Intermittent. 

Intermittent. 

Conttnoona. 


4  yeara,  2  moBtha. 
1  yeer,  7  montha. 
1  yeer,  7  montha. 
1  year,  7'montba. 
1  year,  1  month. 
7  montha. 

7  montha. 
6  montha. 
4  montha. 

8  montha. 
8  montha. 
8  montha. 


1,887 

78,000 

1.0 

1,188 

82,200 

0.8 

1,002 

213,600 

1.8 

OM 

87,000 

0.8 

781 

120,400 

1.3 

007 

188,800 

0.8 

028 

201,500 

0.8 

840 

82,800 

0.8 

287 

201,800 

0.8 

241 

03,500 

0.8 

«)1 

08,500 

0.8 

823 

51,500 

0.8 

2.00 
1.24 
2.07 
1.88 
8.78 
1.12 
1.47 
1.28 
2.53 
1.20 
0.48 
1.84 


*  The  organic  nitrogm  waa  ealcalated  aa  ^f  of  the  albomlnoid  ammonia  doubled. 


Upon  dividing  the  deep  filters  into  two  classes,  according  to  the 
method  of  application  of  water,  and  summarizing  the  data,  it  is  found 
that  the  intermittent  filters  contained  108  bacteria  per  gram  and 
an  increase  in  nitrogen  of  .0021  part  per  100,000  for  each  million 
gallons  of  water  filtered  per  acre ;  while  for  the  continuous  filters 
these  figures  become  122  and  .0016,  respectively.  It  is  probable 
that  somewhat  different  results  would  be  obtained  in  mid-summer. 

In  the  next  tables  the  results  of  the  analyses  of  the  sand  from 
the  several  filters  are  presented  with  greater  detail.  It  is  to  be 
stated  that  the  method  followed  until  September,  1893,  of  scraping 
the  filters  and  not  replacing  the  sand  removed,  until  the  depth  was 
decreased  6  to  12  inches,  caused  greater  irregularities  than  would 
have  been  the  case  if  the  sand  removed  had  always  been  replaced 
with  clean  material  at  the  time  of  scraping. 
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NunUier  of  Bacteria  per  Oram  found  in  the  Sand  at  Different  Depths,  Dee.  8,1893. 


KCMBBB  Oy  FILTKS. 

18  A. 

88  A. 

88. 

41. 

48. 

48. 

Date  when  last  lermped,    . 

Oct.  9. 

KoT.  28. 

Dec.  4. 

I>ec.  7. 

Deo.  8. 

Dec.  7. 

Upper  qiuuter-inch,    . 

1,670,000 

787,000 

8,480,000 

1,760,000 

1,750,000 

9,800,000 

Upper  inofa,         • 

1,850,000 

586,000 

2,876,600 

1,048,800 

1,047,500 

6,888,100 

Upper  elx  Inches, 

480,000 

182,900 

781,100 

881,100 

228,800 

1,007,000 

Upper  foot,  . 

867,000 

108,000 

889,800 

141,800 

180,400 

678,900 

Second  foot, 

78.000 

19,800 

67,800 

28,600 

- 

58,700 

Third  foot,  . 

87,000 

11,600 

- 

18,600 

- 

10,800 

Fourth  foot. 

18,000 

11,600 

- 

8,700 

- 

18,100 

Fifth  foot.   . 

10,800 

- 

- 

- 

- 

88,800 

Number  of  Bacteria  per  Oram  found  in  the  Sand  at  Different  Depths^  Dec,  8^ 

1893 — Concluded. 


VUMBKB  or  FILTBB. 

44. 

48. 

48. 

47. 

48. 

48. 

Dete  when  hwt  lereped,    • 

Deo.  7. 

Dec.  2. 

Dec.  2. 

Dec.  8. 

Dec.  8. 

Dee.  7. 

Upper  ioeh. 
Upper  dz  Inches, 
Upper  foot, . 
eecond  foot. 
Third  foot,  . 
Foarth  foot. 
Fifth  foot,    . 

8,080,000 

8,082.800 

1,198,800 

821,900 

181,600 

181,600 

110,800 

12,100 

1,800.000 
1,071,400 

158,800 
58,200 
46,400 
82,200 
81,100 

1,900,000 

1,376,000 

898,200 

801,800 

8,600,000 

8,078,800 

489,000 

885,600 

55,800 

49,800 

48.800 

48,800 

1,700,000 

1,178,800 

416,000 

886,700 

88.000 

18,000 

80,000 

880,000 

528,600 

190,800 

181,700 

81,600 

84,600 

80,000 

Aftfwufit  of  Niirogen  stored  in  the  Sand*  at  Different  Depths j  Dee.  8y  1893. 

[Parte  per  100,000  by  weight  of  dry  cand.] 


SCMBKB  or  FXLTBB. 

18  A. 

88  A. 

88. 

41. 

48. 

48. 

44. 

48. 

48. 

47. 

48. 

40. 

Upper  qoarter-ineb,    . 

17.40 

4.70 

10.90 

0.60 

8.40 

- 

1.82 

6.71 

8.57 

9.03 

4.70 

0.90 

Upper  inch, . 

11.85 

4.91 

8.60 

1.05 

7.16 

0.56 

6.46 

8.61 

2.65 

7.66 

4.88 

1.68 

Upper  aiz  iachee. 

5.21 

2.08 

5.08 

0.89 

4.46 

8.19 

6.01 

1.60 

1.82 

6.48 

2.41 

6.09 

Upper  foot,  . 

8.80 

0.72 

4.14 

0.06 

3.78 

8.47 

4.82 

2.47 

8.68 

8.77 

0.68 

4.42 

6eeowl  foot. 

5.10 

4.40 

1.80 

4.80 

- 

1.00 

1.87 

2.05 

- 

0.04 

0.60 

0.90 

TUrdfoot,  .       .       . 

1.40 

0.60 

- 

0.65 

- 

0.40 

0.68 

1.10 

- 

0.64 

0.80 

0.47 

Foarth  foot, . 

0.80 

0.85 

- 

0.90 

- 

0.80 

0.68 

0.86 

- 

0.40 

0.85 

0.45 

FiflhftM^  .     .     . 

0.91 

- 

m 

- 

- 

0.46 

0.67 

0.88 

- 

0.88 

- 

- 

*  Nitrogen  In  original  land  dedncted. 
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Considerable  attention  was  given  to  the  species  of  bacteria  found 
in  the  sand  at  different  depths  in  Filters  Nos.  33  A,  41,  44  and  47. 
No  very  marked  characteristics  with  respect  to  the  distribution  of 
the  species  of  bacteria  could  be  found  in  the  samples  of  sand  from 
the  different  sources.  The  presence  of  about  fifteen  species  was 
noted. 

In  the  following  table  are  given  the  results  of  chemical  and 
bacteriological  analyses  of  representative  samples  of  the  clogged 
sand  removed  from  the  surfaces  of  the  filters  by  scraping. 

The  number  of  bacteria  per  gram  in  these  samples  was  found  to 
be  somewhat  less  than  in  samples  just  below  the  surface,  as  will  be 
seen  from  the  tables  above.  The  reason  of  this  appears  to  arise 
from  the  difficulty  with  which  the  bacteria  are  detached  from  the 
grains  which  are  so  thickly  coated  with  the  accumulation  of  gelati- 
nous organic  matter.  From  this  it  will  be  understood  that  the  merit 
of  determinations  of  bacteria  in  sand  lies  in  their  value  for  com- 
parison and  not  as  absolute  determinations. 


KOMBBS  OT  FILTBB. 


ArengB 

Number 

of  B«oterUt  In 

Sand  per 

Oram. 


88A, 

84A, 

86  A, 

86  A, 

88 

89, 

41 

42, 

43 

44 

4fi, 

Totals  and  avenifMb     •  • 


820,000 
880,000 
660,000 
900,000 
1,600,000 
680,000 
640,000 
900,000 
910,000 


640,000 


800,000 


Hombar 

of  Analjiet 

made. 


4 
10 


64 


Aveiage  QaaDtlty 

of  Kltrosen  In 

Sand. 

(Parts  p«r  100.000 

bT  Weight 

ofl>i7Band.) 


Knmber 

of  ADalyaee 

made. 


S8.9 
82.6 
26.6 
82.2 
80.6 
25.8 
28.8 
28.8 
4f.V 
22.1 
17.4 


27.8 


s 
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The  Relation  between  Construction  and  Operation  of  Filters 
AND  THE  Quantity  of  Sand  sgraped  from  the  Surfaces 
to  relieve  Clogging. 

The  data  obtained  in  1893  upon  this  point  are  sammarized  in  the 
table  below.  These  results  cover  the  period  May  to  November,  in- 
clusive. As  far  as  can  be  judged  from  the  analyses  of  the  applied 
water,  it  is  believed  that  they  are  representative  for  the  entire 
year.  The  increased  viscosity  of  the  wat^r  during  the  winter 
months,  other  conditions  being  equal,  would  probably  reduce  some- 
what the  quantities  of  water  filtered  between  scrapings. 

The  depths  of  sand  removed  were  calculated  in  each  case  from  the 
weight  of  the  sand.  It  will  be  seen  that  in  the  case  of  those  ex- 
perimental filters  having  a  maximum  loss  of  head  of  70  inches  the 
volume  of  sand  removed,  per  million  gallons  of  water  filtered,  was 
in  many  cases  approximately  the  same. 

Summary  ofBesuUa  of  Scraping  of  Water  Filters,  May  to  November^  1893. 


FiLTBK.   * 

Bfltoctlve 

Size 

of  Sand 

Grain. 

Ullll- 
metere. 

Approxi- 
mate 

Depth  of 
Sand. 

Inchee. 

Haxlmnm 
L<»e«of 
Head. 

Inches. 

Method 
of  Operation. 

Nomber 

of 
ScnplDgB. 

Arerajre 
Depth 

Bemored 
at  each 

Scraphif. 

Inches. 

Average 
Qaantftj 
of  Water 
Fllterad 
per  Aere 
between 
Seraplngt. 

Qallons. 

Volume  of 

Sand 

Removed 

per  MllUon 

Qalloni. 

Gable 
Yarde. 

33  A,.          . 

.14 

60 

TO 

Contlnnona. 

8 

.98 

40,000,000 

.68 

34A,.       . 

.09 

45 

70 

Gontinnons. 

17 

.12 

14,000,000 

1.16 

34A,*        . 

.90 

48 

70 

Intermittent. 

8 

.25 

92,000,000 

.86 

86  A* 

.90 

48 

70 

Contlnnone. 

7 

.21 

85,000,000 

.89 

37,»    .        . 

.90 

65 

70 

Contlnnous. 

1 

.20 

141,000,000 

.19 

»,      . 

• 

.90 

20 

85 

Gontinnons. 

18 

.17 

99,000,000 

1.06 

»,•    . 

• 

.90 

1 

28 

Continaoiu. 

14 

.U 

18,000,000 

1.55 

41,      . 

• 

.14 

00 

70 

Intermittent. 

8 

.19 

56,000,000 

.40 

42.     . 

• 

.90 

10 

28 

Continnona. 

24 

.16 

19,000,000 

l.U 

43,     , 

1       • 

.26 

60 

70 

Oonttnnons. 

16 

.26 

57.000,000 

.68 

44,     , 

»       ■ 

.90 

00 

70 

Gontlnnoas. 

18 

.80 

70,000,000 

.58 

4».      < 

>       • 

.98 

60 

70 

Intermittent. 

4 

.28 

78,000,000 

.48 

4«, 

»       • 

.29 

12 

28 

GontlnnoQS. 

9 

.25 

20,000,000 

1.16 

47, 

•       • 

•99 

60 

70 

Intermittent. 

9 

.45 

100,000,000 

.60 

4«, 

.       • 

.98 

60 

70 

Intermittent. 

1 

.88 

181,000,000 

.66 

«, 

•       • 

.98 

60 

70 

OontlnnoQS. 

4 

.82 

79,000,000 

.68 

*  Koe.  85  A  and  86  A  were  eomplieated  by  loam  layen.  No.  87  was  aonpad  bat  onoe,  and  dailog 
a  pottion  of  the  period  channels  were  formed  at  the  sides.  For  a  short  time  Nos.  80  A  and  89  were  ran 
iourmliteatljr,  while  No.  85  A  was  operated  oontlnnously  for  a  brief  period. 
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Conclusions. 

1.  The  frequency  of  scraping  increases  with  the  fineness  of  the 
material  and  as  the  available  head  decreases, 

2.  The  intermittent  filters  under  the  existing  methods  of  opera- 
tion required  scraping  less  frequently  than  the  continuous  filters  of 
the  same  construction,  owing  chiefly  to  a  disturbance  of  the  surface 
sand  by  the  air  which  is  driven  from  the  pores  of  the  filter. 

3.  These  results  confirm  the  conclusions  drawn  from  the  studies 
in  1892,  except  with  regard  to  the  efiTect  of  the  method  of  applica* 
tion  of  water.  This  discrepancy  is  doubtless  explained  by  the  fact 
that  Filters  Nos.  85  A  and  41  in  1892  contained,  a  foot  or  less  from 
the  surface,  loam  layers,  which,  together  with  the  method  of  opera- 
tion then  practised,  prevented  much  air  from  escaping  at  the 
surface. 

4.  As  the  filters  grow  old  the  sand  becomes  niore  compact. 
This  compactness  and  the  accumulation  of  matter  from  the  water 
give  the  effect  of  a  finer  material,  requiring  more  frequent  scrapiog. 
(Filters  Nos.  33A  and  41  were  disturbed  to  a  depth  of  one  foot  in 
July,  1893,  while  No.  34  A  was  not  treated  in  this  manner.) 

The  Water  taken  from  the  Merrimack  Rfver  and  applied 

TO  THE  Experimental  Filters. 

Water  taken  from  the  Merrimack  River  has  been  applied  to  all  of 
the  water  filters,  and  is  brought  through  a  two-inch  galvanized  iron 
pipe,  about  four  hundred  feet  long,  from  the  north  canal  of  the  Essex 
Company.  The  water  is  substantially  the  same  as  the  river  water 
above  Lawrence,  which  is  applied  to  the  city  filter.  The  turbidity, 
sediment  and  odor  are  usually  very  slight,  but  after  heavy  rains  and 
during  the  spring  freshets  the  turbidity  and  sediment  become  very 
marked.  The  results  of  analyses  are  given  in  the  two  tables  below. 
In  the  first  table  are  given  the  analyses  of  the  water  as  it  was  drawn 
from  the  pipe.  From  May  12  until  the  discontinuance  of  the  ex- 
periments, December  8,  cultures  of  J3,  prodigiosus^  together  with 
the  food  on  which  these  germs  grew,  were  applied  to  the  water  which 
supplied  the  several  filters,  for  ten  hours  each  day.  The  results  of 
analyses  of  the  water  after  its  inoculation  with  these  germs  are  given 
in  the  second  table. 
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Monthly  Averages  of  Anaiyaea  of  Canal  Water  {Merrimack  River).' 

[PuU  par  IIW/NM.] 
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h 

DATE-laM. 

1 

1 

j 

1 

j 

f 

f 

1 

Fcbnurr, 
M»th.    . 
April.      . 
"•I.       ■ 

■I«l7.       . 
Anitatt.. 

ss 

3» 

re 

SI 
43 

3* 

u 

.oow 

.win 

.0080 
.0110 

.BOH 

.0101 

.0201 

,01» 
.0100 

.osio 

.0201 

■a 

IS 

11 
ss 

24 
SO 

018 

oao 

018 
OIB 
OlS 

oodi 

ooos 
000] 

0000 

000! 

0001 

0003 

0001 
0000 

40 

SO 
13 
S7 

OS. 
100. 

i». 
00. 

81 
80. 

■6. 
OS. 

11,200 
T.WO 
4.B00 

1,700 
1,400 
S.000 
4,000 
4,100 

11.000 

IT.TOO 

1,800 

11.000 

Monthly  Averages  of  Weekly  Analyses  of  Water  m  applied  to  Filters. 


Aniort,. 


' 

' 

r 

BinwA  pu 

1 

1 

ii 

|i 

'' 

42 
S8 
M 

S.400 
6,900 
4,(100 
4.100 
18.000 

7,800 
11.900 

MOO 

6.000 
8.000 

&,»00 
6,800 
0.8W 

0,100 

8,100 
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Detailed  Account  of  the  Work  of  the  Several  Water 

Filters  in  1893. 

The  remainiDg  pages  contain  a  summary  of  the  weekly  averages 
of  all  bacterial  results,  followed  by  a  brief  description  of  tbe  opera- 
tion of  each  filter  and  monthly  averages  of  both  chemical  and  bac^ 
terial  analyses.  One  bacterial  sample  was  examined  daily  fix)m  each 
effluent  from  January  until  May.  These  results  are  more  or  less 
abnormal  because  the  conditions  existing  in  the  filters  were  abnormal 
from  time  to  time.  This  was  caused  partly  by  the  formation  of 
channels  at  the  sides  of  the  iron  tanks  due  to  freezing  weather,  and 
partly  to  the  evolution  of  air  by  the  water  as  it  increased  in  tem- 
perature, which  produced  channels  within  the  filters.  These  condi- 
tions  were  touched  upon  in  the  1892  Report.  It  is  believed  that 
they  would  not  appear  in  large  filters  in  actual  practice.  On  ac- 
count of  these  peculiar  and  unfavorable  circumstances  the  results 
obtained  from  January  to  May  do  not  appear  in  the  foregoing 
discussion,  and  for  the  same  reason  the  experiments  were  discon- 
tinued during  the  winter  of  1893-94. 

General  Plan  of  the  ET^erimenta. 

Beginning  May  12  B.  prodigiosus  was  regularly  applied  to  each 
filter  for  ten  hours  a  day  on  six  days  in  a  week.  The  general 
plan  of  the  experiments  was  the  same  as  during  the  preceding  year 
(see  the  1892  Report,  page  529).  A  pure  culture  of  this  species  of 
bacteria  was  obtained  by  inoculation  and  growth  for  four  days  at 
20^  C.  in  a  solution  of  one-tenth  per  cent,  peptone  and  two-tenths 
per  cent,  glucose  in  city  water.  This  solution  was  applied  to  the 
filters  in  the  proportion  of  one  part  to  three  thousand  parts  of  water, 
at  intervals  of  one  or  two  hours  during  the  day,  according  to  the 
rate  of  filtration.  Throughout  the  experiments  four  examinations 
were  made  daily  of  each  of  the  effluents,  at  a  time  when  the  water 
from  the  applied  doses  was  passing  through  the  outlet-pipes.  The 
reasons  that  this  species  of  bacteria  was  used  are  that  it  is  eas}'  to 
differentiate  from  ordinary  water  bacteria  and  is  apparently  very 
similar  to  the  germ  of  typhoid  fever  [of  Eberth]  in  its  mode  of  life 
in  the  river  water. 

The  experiments  have  been  conducted  with  as  much  uniformity  as 
possible,  and  the  system  practised  has  been  substantially  the  same  as 
that  of  the  preceding  year.     Notes  of  the  slight  changes  that  have 
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been  made  will  be  found  in  the  proper  places.  When  considering 
the  depths  to  which  the  filters  were  reduced,  largely  by  scraping,  it 
is  to  be  borne  in  mind  that  this  diminution  is  partly  accounted  for  by 
settling.  In  November  most  of  the  filters  were  filled  with  water 
from  below  (in  some  cases  very  rapidly)  after  scraping,  and  this, 
together  with  the  very  high  rates  of  filtration,  increased  the  average 
number  of  bacteria  in  the  effluents. 

In  the  first  table  below  will  be  found  the  results  of  the  mechanical 
analyses  of  the  sands  in  the  various  water  filters.  The  underdrains 
were  5  inches  deep  in  each  case.  Filters  Nos.  3  B  and  8  A  are  each 
one  two-hundredth  of  an  acre  in  area  and  are  out  of  doors.  The 
other  water  filters  are  20  inches  in  diameter,  equivalent  to  one 
twenty-thousandth  of  an  acre,  and  are  all  placed  within  the  buildiogs. 

The  second  table  beyond  contains  the  weekly  averages  of  the  cum- 
bers of  bacteria  in  the  applied  water  and  in  the  various  effluents. 
Following  this  are  brief  descriptions  and  monthly  averages  of  the 
chemical  and  bacterial  analyses  of  the  effluents  of  the  several  filters. 

The  report  ends  with  a  detailed  account  of  the  results  of  analyses 
obtained  from  the  Lawrence  city  filter  and  also  from  the  duplicate 
filters  at  the  Experiment  Station,  Nos.  3  B  and  8  A. 

Mechanical  Composition  of  Materials  used  for  Water  Filters  in  1893. 


Pkr  Cbnt.  bt  Wbiout  of 

GBAIX8   IK   FlLTBie   NOB. — 

DXAMXTBX  Dl  AU.U1IKTBB8. 

1 

ISA. 

4S. 

44. 

4S. 

45. 

«i. 

41. 

S4A. 

Finer  than  5.9,     . 

•              «               « 

100.0 

100.0 

- 

- 

- 

- 

- 

- 

••         "     8.9,     . 

97.0 

00.0 

- 

98.0 

98.0 

- 

100.0 

- 

"         "    2.04,    . 

98.0 

72.0 

08.0 

86.0 

95.0 

100.0 

99.0 

- 

"         "       .98,    . 

82.0 

45.0 

78.0 

54.0 

01.0 

97.0 

96.0 

100.0 

"       .40,    . 

8.0 

17.0 

82.0 

20.0 

50.0 

87.0 

70.0 

99.0 

"         "       .816,. 

4.0 

5.0 

12.0 

14.0 

22.0 

44.0 

38.0 

94.0 

"       .184,. 

1.3 

0.0 

3.7 

5.4 

5.5 

9.0 

15.0 

52.0 

"       .106,  . 

0.0 

0.2 

0.8 

1.4 

0.9 

0.4 

5.4 

11.2 

"         "       .08,   . 

- 

- 

- 

- 

- 

- 

- 

3.0 

••       .04,    . 

- 

- 

- 

- 

- 

- 

- 

0.5 

Effective  sixe  (millimeter). 

.48 

.38 

.29 

.26 

.23 

.20 

.14 

.09 

Uniformity  eo-efBdent, 

2.4 

3.5 

2.7 

3.7 

2.3 

1.6 

2.2 

2.1 

Eatimeted  mazlmnm  rate  (million  gallons  per 

acre  daily). 
Organic  nitrogen  (i>arta  per  100,000),* 

184.0 
1.0 

116.0 
.8 

67.0 
.8 

53.0 
.8 

42.0 
.8 

32.0 
1.3 

16.0 
.8 

7.0 
.8 

*  Calenlated  aB  14  of  the  albuminoid  ammonia  doubled. 
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The  **  effective  size  "  of  the  sand  grains  means  that  ten  per  cent,  by 
weight  of  the  grains  are  finer  than  the  diameter  given.  The  <<  uni- 
formity coefficient "  is  the  ratio  A  to  B  when  the  values  of  A  and  B 
are  such  that  sixty  per  cent,  by  weight  of  the  material  is  finer  than 
A  and  ten  per  cent,  finer  than  B.  The  <<  maximum  rate"  is  the 
maximum  quantity  of  water,  expressed  in  million  gallons  per  acre 
daily,  which,  at  a  temperature  of  50^  F.,  will  pass  through  a  filter 
of  clean  sand  with  no  air  in  its  pores,  and  with  no  suspended  matter 
upon  its  surface  when  the  acting  head  is  equal  to  the  depth  of  sand. 

The  sand  in  No.  48  is  the  same  as  in  No.  49 ;  No.  44  as  in  Nos. 
46  and  47  ;  No.  45  as  in  Nos.  3  B  and  8  A  ;  No.  42  as  in  Nos.  35  A, 
36  A,  37,  38  and  39 ;  and  No.  41  the  same  as  in  No.  33  A. 

The  sand  in  No.  44  corresponds  quite  closely  with  the  **  No.  70" 
sand  in  the  Lawrence  city  filter,  and  No.  45  with  "  No.  50 "  sand 
in  the  city  filter. 
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Filter  No.  18  A. 

This  filter,  20  inches  in  diameter,  contains  sand  of  an  effective 
size  of  0.48  millimeter  and  has  been  in  operation  since  Sept.  17, 
1689.  The  original  depth  of  the  sand  was  62  inches.  Up  to 
January,  1891,  city  water  was  applied  in  hourly  doses,  fourteen 
hours  a  day  on  six  days  a  v^ek,  at  the  rate  of  about  one  million 
gallons  per  acre  daily.  The  faucet  at  the  outlet  was  always  kept 
wide  open  until  Oct.  1,  1893,  and  the  rate  of  filtration  regulated  at 
the  top.  The  outlet  has  never  been  trapped.  With  the  exception 
of  a  few  scattering  days  river  water  taken  from  the  canal  has  been 
applied  since  Aug.  18,  1891.  From  January,  1891,  to  July,  1893, 
the  water  was  applied  by  an  automatic  arrangement  in  small  doses 
equivalent  to  5,000  gallons  per  acre  once  in  three  to  seveu  minutes, 
days,  nights  and  Sundays,  according  to  the  rate  of  filtration.  On 
July  17, 1893,  the  siphon  attachment,  by  which  the  water  was  applied 
intermittently,  was  removed  and  the  water  applied  constantly  for 
sixteen  hours  a  day  on  six  days  in  a  week.  Beginning  October  1 
the  faucet  at  the  outlet  was  closed  at  5  a.m.  daily  after  draining  over 
night  and  the  water  applied  at  the  top  ;  after  the  surface  was  covered 
the  faucet  was  opened  below  to  give  the  desired  rate  of  filtration,  and 
the  surface  was  kept  covered  until  the  water  was  shut  off  at  9  p.m. 
With  the  exception  of  November  21  to  30  this  method  was  followed 
through  the  rest  of  the  year. 

No  sand  was  scraped  from  the  surface  until  November,  1892,  when 
it  was  necessary  to  remove  2^  inches  in  order  to  keep  the  action 
of  the  filter  intermittent.  During  the  four  years  of  its  operation 
the  surface  was  scraped  five  times  and  8  inches  of  sand  were  removed 
without  replacement ;  the  water  filtered  in  this  time  was  equivalent 
to  1,500,000,000  gallons  per  acre.  The  sand  removed  was  equiva- 
*  lent  to  0.70  cubic  yard  per  million  gallons  of  water  filtered.  It  will 
be  seen  that  this  quantity  agrees  approximately  with  some  of  the 
results  from  other  filters  presented  on  page  487.  On  October  9 
clean  sand  was  added  and  the  filter  restored  to  its  original  depth. 
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Mmthly  Averages  ofAnoAyses  of  Effluent  of  Filler  No,  18  A. 

[Put*  pw  100,000.] 


Quantity 

of 
Effluent. 

Gallons 

per  Acre 

Dally. 

Tbmpkea- 

TCin. 

Dbo.  p. 

i 

.29 

Ammohia. 

6 

€ 

.29 

NITBOOBX 
AS 

i 

1 

o 

4 

5*. 

Bactbbia 

PBR  (;DB1C 

Cbmtiiibtbb. 

DATS— 1S»S« 

34 

§ 

S 

86 

1 

.0080 

S 

8 

s 

< 

• 

f 

2 

■ 

Water 
Bacteria. 

• 

•a 

li 

January, 

1,660,000 

.0104 

.0300 

.0002 

.32 

98 

614 

- 

Febroaryt     • 

1,680,000 

36 

36 

.27 

.0083 

.0116 

.26 

.0280 

.0006 

.31 

98 

244 

- 

March,  . 

1,840,000 

36 

36.6 

.27 

.0049 

.0084 

.17 

.0200 

.0002 

.37 

08 

90 

- 

April,    . 

1,380,000 

30 

42.7 

.33 

.0021 

.0006 

.12 

.0210 

.0000 

.31 

100 

20 

- 

May.     .        . 

1,630,000 

68 

63.3 

.41 

.0021 

.0108 

.10 

.0270 

.0000 

.40 

97 

24 

- 

Jane,     . 

2,300,000 

67 

68 

.29 

.0018 

.0003 

.16 

.0290 

.0000 

.29 

91 

18 

- 

July.     . 

1,680,000 

72 

68 

.25 

.0017 

.0109 

.20 

.0410 

.0000 

.24 

98 

222 

68 

Aiiguat, 

1,920,000 

72 

71.6 

.17 

.0022 

.0096 

.20 

.0310 

.0000 

.18 

92 

148 

29 

September,  . 

1,740,000 

66 

66 

.24 

.0017 

.0117 

.22 

.0260 

.0002 

.28 

89 

2,376 

19 

October, 

1,640,000 

67 

66 

.36 

.0026 

.0137 

.23 

.0290 

.0000 

.48 

96 

1,002 

62 

November,  . 

1,760,000 

42 

43.7 

.34 

.0084 

.0124 

.20, 

.0280 

.0003 

.80 

100 

167 

11 

December,    . 

4,120,000 

34 

34 

.41 

.0060 

.0144 

1 
.20 

1 

.0220 

.0002 

.48 

1 

100 

1,004 

67 

*  In  all  caaea  the  dlaaolved  oxygen  Is  expressed  as  per  cent,  of  the  amount  required  to  saturate  the 
water  at  the  temperature  when  collected. 

Filter  No.  33  A. 

This  filter  was  put  in  operation  April  28,  1892,  and  contains  sand 
of  an  efiective  size  of  0.14  millimeter.  The  original  depth  was  60 
inches.  The  method  of  operation  has  been  continuous,  except  from 
April  17  to  30^  1893,  and  for  a  few  days  at  irregular  intervals  dur- 
ing the  winter,  when  the  filter  was  accidentally  drained,  owing  to 
freezing  of  the  water  pipes.  The  rate  of  filtration  has  been  regulated 
by  the  faucet  at  the  outlet,  to  which  a  trap  is  attached.  From  May 
25  to  December  8  the  filter  was  scraped  8  times,  an  average  of  once  in 
23  days.  The  average  depth  removed  at  a  scraping  was  0.23  inch  ; 
the  average  quantity  filtered  between  scrapings  was  equivalent  to 
49  million  gallons  per  acre,  and  the  sand  removed  was  equivalent  to 
0.63  cubic  yard  per  million  gallons.  On  July  17  the  upper  foot  of 
sand  was  removed  and  replaced,  as  was  described  on  page  465.  Until 
Octol)er  6  the  sand  removed  by  scraping  was  not  replaced,  but  on 
that  date  the  depth  was  restored  from  47  inches  to  its  original  depth 
of  60  inches.  After  this  date  the  sand  was  replaced  at  the  time  of 
scraping. 
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MontMy  Averages  of  Analyses  of  EffluetU  of  Fitter  No.  33  A. 

[PuU  per  100,000.] 


Quantity 

of 
Effluent 

Gallons 

per  Acre 

Daily. 

TEMpaVA- 
TU&K. 

Dbo.  F. 

a 

.27 

Ammoxia. 

• 

• 

1 
1 

.20 

NiTKOCIKK 
A0 

s 

a 
« 

a 

6 

1 

O 

Per   Cent,  of   DU- 
■olred  Oxygen. 

Bactuia 

PBB  Cubic 

CavTiMtTn. 

Datb-1808. 

Applied 
Water. 

■ 

1 

Q 

• 

Cm 

o 

e 

a 

< 

■ 

■ 

^1 

r 

if 

il 

a. 

January, 

1,540,000 

34 

37 

.0040 

.0096 

.0800 

.0000 

.30 

79 

81 

- 

February,     . 

1,840,000 

86 

37 

.27 

.0034 

.0082 

.19 

.0225 

.0000 

.28 

71 

1    118 

- 

March, . 

1.800,000 

35 

38 

.26 

.0019 

.0078 

.17 

.0186 

.0000 

.82 

69 

30 

- 

April,   . 

1,660,000 

39 

46 

.33 

.0007 

.0096 

.11 

.0215 

.0000 

.83 

76 

i      2T 

- 

May,     .       . 

1.720,000 

53 

53 

.41 

.0011 

.0095 

.10 

.0185 

.0000 

.42 

55 

8 

O.T 

June,    . 

1,740,000 

67 

68 

.28 

.0011 

.0087 

.15 

.0335 

.0000 

.29 

38 

>      15 

1 

0.7 

July,     . 

1,860,000 

72 

66 

.22 

.0015 

.0096 

.19 

.0347 

.0000 

.21 

8 

98 

2.» 

Angaat, 

2,700,000 

72 

60 

.17 

.0023 

.0098 

.20 

1 

.0297 

.0013 

.16 

12 

1    107 

2.2 

September,  . 

1,920,000 

65 

62 

.22 

.0020 

.U004 

.21 

.0290 

.0000 

.26 

31 

1      » 

2.0 

October, 

1,940,000 

57 

55 

.23 

.0023 

.0102 

.24 

.0262 

.0000 

.29 

54 

1      39 

0.3 

Noyember,  . 

2,780,000 

42 

44 

.35 

.0025 

.0107 

.18 

.0228 

.0000 

.30 

81 

S9 

0.9 

December,   . 

4,000,000 

84 

35 

.37 

.0068 

.0118 

.20 

.0210 

.0000 

.43 

87 

4S2 

2&.0 

Filter  No.  34  A. 

This  filter  contained  sand  of  an  effective  size  of  0.09  millimeter, 
and  its  original  depth  was  60  inches.  It  was  operated  continuously 
after  it  was  first  put  in  operation,  April  28,  1892.  The  rate  of 
filtration  was  regulated  at  the  outlet  by  a  faucet  to  which  a  trap  was 
attached. 

From  May  12  to  September  7, 1893,  the  date  of  its  discontinuaDce, 
the  surface  was  scraped  17  times  to  relieve  clogging.  It  was  scraped 
on  an  average  once  in  7  days.  The  average  depth  removed  was  0.12 
inch ;  the  average  quantity  of  water  filtered  between  scrapings  was 
equivalent  to  14  million  gallons  per  acre,  and  the  sand  removed  was 
equivalent  to  1.16  cubic  yards  per  million  gallons.  The  depth  of 
sand  at  the  date  of  its  discontinuance  was  44  inches. 


No.  34-] 
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MofUMy  Averages  of  Analyses  of  Effluent  of  FiUer  No,  34  A. 

[Put*  per  100,000.] 


Date  —  1S9S. 


JanoAry, 
Febroary, 
Mardtt . 
April,  . 
May.  . 
Jane,  . 
July,  . 
Aagnet, 


Quantity 

of 
Effluent. 

Gallons 

per  Acre 

Dally. 


1,340,000 
1,030,000 
1,UO,000 
1,320,000 
1,560,000 
1,420,000 
1,800,000 
2,300,000 


Tempbea- 

TUBE. 

Deo.  F. 


a, 
< 


34 
35 
36 
30 
58 
8T 
72 
72 


e 


37 

37.3 

30 

45.3 

55.3 

08.3 

67.5 

70.5 


Ammoxu. 

1 

1 

1 
Albamlnold. 

.27 

.0051 

.0101 

.29 

.0054 

.0008 

.26 

.0085 

.0066 

.88 

.0013 

.0100 

.40 

.0009 

.0003 

.30 

.00.36 

.0104 

.20 

.0012 

.0104  ' 

.16 

1 

.0017 

.0091  ' 

.30 
.20 
.18 
.12 
.11 
.16 
.10 
.20 


KlTBOQBM 
AS 


s 


.0260 
.0230 
.0200 
.0280 
.0210 
.0290 
.0200 


2 


.0000 

.0000 
.0000 

.0000 
.0000 
.0000 

.0010 


.0260    .0000 


I, 


1 

0 

a 

a 

a 

g 

M 

O 


.31 
.31 
,U 
.39 
.42 
.28 
.22 
.17 


I 
Ad 

II 


I 


73 
74 
80 
75 
65 
54 
22 
18 


Bactbbia 

FEB  Cubic 

Cbbtiiibtbb. 


pi. 


200 

- 

147 

- 

30 

- 

22 

- 

0 

1.7 

12 

0.8 

24 

1.2 

89 

1.6 

Filter  No.  35  A. 

This  filter  was  constructed  on  March  30,  1892,  and  contained 
sand  of  an  effective  size  of  0.20  millimeter.  The  original  depth  was 
57.5  inches,  and  1  foot  below  the  surface  was  a  layer  of  loam  1  inch 
thick.  April  17  to  30  and  July  31  to  September  6,  1893,  it  was 
operated  continuously  with  the  trap  attached  to  the  outlet  in  the 
usual  manner.  During  the  remainder  of  the  time  it  was  operated 
intermittently,  with  the  untrapped  faucet  at  the  outlet  wide  open  and 
the  rate  regulated  at  the  top.  The  water  was  applied  sixteen  hours 
a  day  on  six  days  in  a  week.  On  July  17,  when  the  layer  of  loam 
was  less  than  3  inches  below  the  surface,  the  sand  was  taken  out 
down  to  the  loam,  which  was  removed  and  the  sand  replaced. 

From  May  24  to  September  7,  the  date  of  its  discontinuance,  the 
surface  was  scraped  three  times  to  relieve  clogging,  and  the  average 
depth  removed  was  0.25  inch.  The  average  quantity  of  water 
filtered  between  scrapings  was  equivalent  to  92  million  gallons  per 
acre.  It  was  scraped  on  an  average  once  in  33  days,  and  the  sand 
removed  was  equivalent  to  0.36  cubic  yard  per  million  gallons. 

The  depth  of  the  sand  on  September  7  was  49  inches. 
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Monthly  Averages  of  AtuUyses  of  Effluent  of  Filter  No.  35  A. 

[Put*  par  100,000.] 


Quantity 

of 
Eflloent. 

Oallona 

per  Acre 

DaUy. 

Tbmfkba- 

TDBB. 

Dao.  r. 

i 

a 

.24 
.28 
.28 
.35 
.38 
.28 
.21 
.15 

Ammonia. 

• 

5 

XX 

.27 
.19 
.17 
.13 
.11 
.16 
.19 
.20 

NlTBOOBM 
AB 

> 

9 
m 

§ 

a 

& 

Per    Cent,  of   Dis- 
ftolved  Oxygen. 

Bactbbu 

pBB  Cubic 

Cbbtimbtkb 

DATS  — 1808. 

S 

1 

• 

1 

a 
1 

< 

• 

5 

S 

9a 

• 

• 

■ 

% 

8f 

■ 

11 

-1 

January, 
February,    . 
March, . 
April,   . 
May,     .        . 
June,    . 
July,     . 
August, 

960,000 
860,000 
920,000 
1,680,000 
1,400,000 
1,180,000 
1,680,000 
2,900,000 

34 
36 
86 
39 
63 
67 
72 
72 

37.8 
37.8 
39.6 
44.3 
66.3 
72.0 
71.1 
70.2 

.0066 
.0060 
.0024 
.0010 
.0020 
.0027 
.0013 
.0021 

.0071 
.0081 
.0094 
.0093 
.0007 
.0086 
.0097 
.0089 

.0380 
.0290 
.0230 
.0170 
.0400 
.0580 
.0410 
.0340 

.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0000 
.0001 

.26 
.26 
.36 
.38 
.38 
.26 
.21 
.16 

06 
74 
100 
94 
91 
84 
89 
50 

398 
399 
65 
30 
17 
9 
53 
22 

1.9 
5.0 

3.6 

Filter  No.  36  A. 

This  filter  was  constnicted  od  the  same  date  and  in  the  same  man- 
ner as  No.  35  A.  It  was  operated  continuously,  except  from  April 
17  to  30  and  from  July  31  to  September  7,  when  it  was  operated 
intermittently  in  the  same  manner  as  No.  35  A. 

From  May  12  to  September  7, 1893,  the  date  of  its  discontinuance, 
the  surface  was  scraped  7  times  to  relieve  clogging,  and  the  average 
depth  removed  was  0.21  inch.  The  average  quantity  of  water 
filtered  between  scrapings  was  equivalent  to  35  million  gallons  per 
acre.  It  was  scraped  on  an  average  once  in  14  days,  and  the  sand 
removed  was  equivalent  to  0.82  cubic  yard  per  million  gallons. 

The  depth  of  sand  on  September  6  was  48  inches. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No,  36  A, 

[ParU  per  100,000.] 




Tbmpbba- 

• 

a 

a 

S 

1 

Bactbu* 

Quantity 

of 
Efflaent. 

TUBB. 

Dbo.  F. 

Ammokia. 

NITBOOBX     1 

^i 

*& 

PBS  Cl 

CBimM 

[SIC 
BTKB. 

1 

« 

1 

DATS- 1808. 

Gallons 

per  Aero 

lially. 

polled 
Water 

• 

s 

s 
6 

i 

"S 

■ 

I 

s 

o 
a 

s 

o 
2 

• 

8 
1 

• 

I 
1 

M 

si 

Is 

1    II 

2"  1  *2 

< 

U 

Q 

1 

.25 

u. 

< 

.27 

» 

% 

o 

£ 

fe      !     :. 

January, 

1,480,000 

34 

37.6 

.0000 

.0075 

.0800 

1 
.0000  ' 

.29 

M 

1 

530    i     - 

February,     . 

1,540,000 

35 

36.5 

.28 

.0029 

.0000 

.19 

.0290 

.0000 

.81 

66 

273    '     - 

March, . 

1,860.000 

35 

38.0 

.26 

.0018 

.0090 

.17 

.0240 

.0000 

.83 

M 

33 

- 

April,    . 

1,600,000 

89 

4S.6 

.36 

.0007 

.0119 

.18 

.0310 

.0000 

.35 

86 

13 

- 

May,     .        . 

2,020,000 

63 

54.3 

.38 

.0018 

.0101 

.11  1 

.0230 

.0000 

.41 

71 

10 

- 

June,    . 

2,060,000 

67 

68.7 

.28 

.0016 

.0088 

.17 

.0390 

.0000 

.21 

64 

12 

0.3 

July,     . 

3,040,000 

72 

68.8 

1  .22 

.0021 

.0097 

.20 

.0300 

.0006 

.23 

16 

107 

6.0 

August, 

1,660,000 

72 

70.4 

.16 

.0024 

.0091 

.20 

.0490 

.0000 

.16 

86 

157      3.8 

September,  . 

1,200,000 

65 

63.0 

.23 

1 

.0008 

.0088 

.21 

.0830 

.0000 

.31 

— 

30 

1.0 

No.  34.] 
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Filter  No.  37. 

This  filter  was  constructed  on  April  18,  1892,  and  contained 
6riginally  61  inches  in  depth  of  sand  having  an  effective  size  of  0.20 
millimeter.  It  was  operated  continuously  until  June  25,  1893, 
when  the  experiment  was  discontinued,  owing  to  an  accident  which 
happened  to  the  tank. 

The  results  obtained  from  this  filter  are  more  or  less  affected  by 
evolution  of  air  from  the  water  and  the  formation  of  channels  at  the 
sides  of  the  iron  tank,  as  is  indicated  by  the  results  of  the  analyses 
below  and  by  the  fact  that  this  filter  of  medium  fine  sand  was  oper- 
ated for  more  than  three  months  during  the  winter  without  scraping. 
It  was  scraped  on  June  19  to  relieve  clogging,  and  0.20  inch  was 
removed.     The  depth  of  sand  on  this  date  was  55  inches. 


MorUhly  Averages  of  Analyses  of  Effluent  of  FiUer  No,  37. 

[Parte  per  100,000.] 


Qaantlty 

of 
Efflaent. 

Gallone 

per  Acre 

Dally. 

TaMPKBA- 

TCftB. 

l)KO.  F. 

1 

.28 

Ammoiia. 

• 
.29 

KlTBOQBV 
AS 

1 

'6% 

1* 

BAcraaiA 
paa  Cubic 

CBMTIMaTBR. 

DATS— 1  ass. 

AppUed 
Water. 

«3 

i 

1 

• 

1 

• 

m 
55 

• 

• 

• 

^1 

1,780,000 

84 

36 

.0001 

.0082 

.0270 

.0000 

.27 

70 

460 

- 

Febmary,    . 

1,740,000 

35 

86 

.28 

.0086 

.0101 

.25 

.0280 

.0001 

.20 

72 

168 

- 

March, . 

2,000,000 

66 

87.8 

.26 

.0022 

.0070 

.17 

.0280 

.0000 

.82 

76 

30 

- 

April,  . 

1,640,000 

80 

43 

.34 

.0010 

.0116 

.12 

.0160 

.0000 

.86 

00 

18 

- 

May,     .        . 

1,680,000 

68 

66 

.38 

.0018 

.0003 

.11 

.0200 

.0000 

.40 

66 

7 

0.0 

Jane,    . 

3,860,000 

67 

68 

.20 

.0022 

.0008 

.16 

.0270 

.0000 

.20 

62 

13 

1.0 

Filter  No.  38. 

This  filter  contained  sand  of  an  effective  size  of  0.20  millimeter, 
and  its  original  depth  was  24  inches.  The  date  of  its  construction 
was  April  28,  1892.  It  has  been  operated  continuously  in  the 
usual  manner. 

From  May  25  to  December  4  the  surface  was  scraped  18  times  to 
relieve  clogging.  It  was  scraped  on  nn  average  once  in  11  days. 
The  average  depth  removed  was  0.17  inch;  the  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  22  million  gal- 
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Ions  per  acre,  and  the  sand  removed  was  equivalent  to  1.06  cubic 
yards  per  million  gallons. 

The  sand  removed  by  scraping  was  not  replaced  with  clean  mate- 
rial until  Sept.  12,  1893.  The  depth  of  sand  was  about  14  inches 
on  that  date,  when  the  filter  was  refilled  to  its  original  depth.  From 
this  time  on  the  sand  was  replaced  at  the  time  of  scraping.  The 
addition  of  new  sand  in  September  caused  a  greater  (percentage) 
removal  of  color. 


Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No,  38, 

[ParU  per  100,000.] 


Quantity 

of 
Effluent 

Oallone 

per  Acre 

Dally. 

TsMrnta- 

TUSK. 

Dbo.  F. 

.2 

a 

.28 

AmoMiA. 

g      Chlorine. 

NiTHOOBN 
A8 

1 

m 

p 

5 

a 

1 

Bactbua 

pbbCcbic 

Cbbtiiibtu. 

DATB-180S. 

AppUed 
Water. 

a 

■ 

.0076 

S    1  Albumlnoid- 

.0170 

.0000 

i 

u 

■ 

II 

as 

January, 

1,680,000 

84 

36 

.81 

79 

M9 

- 

February,    . 

1,780,000 

86 

36 

.30 

.0084 

.0112 

.22 

.0216 

.0000 

.86 

78 

1S8 

- 

March, . 

1,980,000 

86 

36.6 

.29 

.0082 

.0084 

.18 

.0207 

.0000 

.34 

82 

88 

- 

April,  . 

1,540,000 

89 

41 

.87 

.0018 

.0102 

.11 

.0186 

.0000 

.38 

73 

17 

- 

May.     .       . 

1,900,000 

63 

66.6 

.89 

.0011 

.0104 

.10 

.0260 

.0000 

.89 

68 

12 

l.S 

June,    . 

1,660,000 

67 

09 

.80 

.0015 

.0090 

.16 

.0860 

.0000 

.29 

43 

17 

1.2 

July,     . 

1,940,000 

72 

70 

.20 

.0024 

.0096 

.20 

.0807 

.0006 

.22 

21 

127 

6.0 

Augoat, 

2,640,000 

72 

70.6 

.16 

.0028 

.0090 

.20 

.0240 

.0000 

.16 

27 

84 

s.s 

September,  . 

1,940,000 

66 

68 

.12 

.0016 

.0079 

.22 

.0810 

.0000 

.14 

00 

22 

O.T 

October, 

1,980,000 

67 

66 

.30 

.0025 

.0116 

.28 

.0287 

.0000 

.87 

47 

29 

0.1 

NoTember,  . 

3,880,000 

42 

42 

.88 

.0028 

.0124 

.19 

.0226 

.0000 

.87 

88 

68 

4.5 

December,  . 

8,900,000 

84 

86.6 

.88 

.0064 

.0112 

.20 

.0190 

.0000 

4AI 

82 

60 

2,J 

Filter  No.  39. 

The  filter  contained  sand  of  an  effective  size  of  0.20  millimeter. 
Its  depth  on  the  date  of  its  construction,  April  28,  1892,  was  12 
inches.  It  was  operated  continuously  up  to  Aug.  19,  1893,  the 
date  of  its  discontinuance,  with  the  exception  of  July  10  to  30,  when  it 
was  operated  intermittently  with  the  outlet  untrappedand  wide  open. 
The  depth  of  sand  May  1,  1893,  was  2.5  inches.  From  May  12  to 
August  19  the  surface  was  scraped  14  times  to  relieve  clogging,  aod 
the  average  depth  removed  was  0.15  inch.  The  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  13  million  gal- 
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Ions  per  acre.  It  was  scraped  on  an  average  once  in  7  days,  and 
the  sand  removed  was  equivalent  to  1.55  cubic  yards  per  million 
gallons. 

The  depth  of  sand  in  the  filter  at  the  time  the  experiment  was 
brought  to  an  end  was  about  0.5  inch.  In  addition  to  this,  how- 
ever, there  were  5  inches  of  underdrains,  some  of  the  material  of 
which  was  fairly  fine. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No,  39* 

[Parte  per  100,000.] 
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Filter  No.  41. 

This  filter,  a  duplicate  of  No.  33  A,  was  constructed  May  9, 1892, 
and  contained  originally  60  inches  in  depth  of  sand  of  an  effective 
size  of  0.14  millimeter.  It  has  been  operated  intermittently,  except 
from  April  17  to  30,  with  the  outlet  untrapped.  On  July  17  the 
upper  foot  of  material  was  dug  out  and  put  back  (see  page  465). 
Up  to  Oct.  1,  1893,  the  faucet  at  the  outlet  was  kept  wide  open  and 
the  rate  of  filtration  regulated  at  the  top.  During  the  rest  of  the 
year,  except  November  21  to  30,  it  was  operated  as  follows :  the 
faucet  at  the  outlet  was  closed  at  5  a.m.  daily,  after  the  filter  had 
been  allowed  to  drain  over  night,  and  the  water  applied  at  the  top ; 
after  the  surface  was  covered  the  faucet  was  opened  at  the  outlet  to 
give  the  desired  rate  of  filtration,  and  the  surface  was  kept  covered 
until  the  water  was  shut  off  at  9  p.m. 

From  May  12  to  December  8  the  surface  was  scraped  8  times  to 
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relieve  clogging,  —  an  average  of  once  in  22  days.  The  average 
depth  removed  at  a  scraping  was  0.19  inch;  the  average  quantity 
of  water  filtered  between  scrapings  was  equivalent  to  56  million 
gallons  per  acre ;  and  the  sand  removed  was  equivalent  to  0.46 
cubic  yard  per  million  gallons. 

Until  Nov.  15,- 1893,  the  sand  removed  by  scraping  was  not  re- 
placed with  new  material,  but  on  that  date  the  depth  was  restored 
from  52  inches  to  its  original  depth  of  60  inches.  After  this  date 
the  sand  was  replaced  at  the  time  of  scraping. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filter  No.  41. 

[Parts  per  100,000.] 
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Filter  No.  42. 

This  filter  was  started  on  Oct.  29,  1892,  and  contained  13  inches 
in  depth  of  sand  of  an  effective  size  of  0.20  millimeter.  It  has  been 
operated  continuously  in  the  usual  manner.  The  depth  of  sand  in 
May,  1893,  was  10  inches. 

From  May  12  to  December  8  the  surface  was  scraped  24  times  to 
relieve  clogging.  It  was  scraped  on  an  average  once  in  7  days. 
The  average  depth  removed  was  0.16  inch  ;  the  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  19  million  gal- 
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loDS  per  acre  ;  anil  the  eand  removed  ivas  equivalent  to  1.11  cubic 
yards  per  million  gallons. 

The  sund  removed  by  scraping  was  nut  replaced  with  clean  mate- 
rial notil  September  9.  The  depth  of  sand  was  then  about  7  inches, 
and  the  filter  was  refilled  to  its  original  depth.  From  this  time  on 
the  saod  was  replaced  nt  the  time  of  scraping.  The  addition  of  new 
material  in  September  caused  a  greater  (percentage)  removal  of  color. 

Monthly  Averages  of  Annlysa  of  Effluent  of  Filter  No.  42. 

[PBttap«r  100,000.] 
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Filter  No.  43. 

This  filter  was  started  on  May  20,  18i>3,  and  contained  60  inches 
in  depth  of  eand  of  an  efiective  size  of  0.26  millimeter.  It  has 
been  operated  continuously. 

From  May  20  to  December  8  it  was  scraped  16  times.  This  was 
an  average  of  once  in  10  days.  The  average  depth  removed  was 
0.26  inch,  and  the  average  quantity  of  water  filtered  between 
scrapings  was  equivalent  to  57  million  gallons  per  acre.  The  sand 
removed  was  equivalent  to  0,63  cubic  yard  per  million  galloDS. 

The  sand  removed  up  to  October  13  was  replaced  with  clean 
material  on  that  date,  and  after  that  time  the  sand  was  replaced  at 
the  time  of  scraping. 
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Monthly  Averages  of  Analyses  of  EffltieiU,  of  FUler  No.  43. 

[ParU  p«r  100,000.] 
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Filter  No.  44. 

This  filter  was  put  Id  operation,  continuously,  May  20,  1893,  and 
contained  60  inches  in  depth  of  sand  of  an  effective  size  of  0.29 
millimeter.  The  sand  removed  by  scraping  up  to  October  27  was 
replaced  on  that  date,  and  after  that  time  the  sand  was  replaced 
with  clean  material  at  the  time  of  its  removal. 

From  May  20  to  December  8  the  surface  was  scraped  13  times  to 
relieve  clogging,  and  the  average  depth  removed  was  0.30  inch. 
The  average  quantity  of  water  filtered  between  scrapings  was 
equivalent  to  70  million  gallons  per  acre.  It  was  scraped  on  an 
average  once  in  13  days,  and  the  sand  removed  was  equivalent  to 
0.58  cubic  yard  per  million  gallons. 

Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  44. 

[ParU  per  100,000.] 
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Filter  No.  45. 

This  filter  was  constracted  July  10,  1893,  and  contained  60  inches 
in  depth  of  sand  of  an  effective  size  of  0.23  millimeter.  It  has 
been  operated  iatermitt«Dt1f  aft«r  the  same  method  that  waa  used  in 
the  case  of  No.  41  (see  page  503).  With  respect  to  size  of  sand 
grains  it  resembles  most  closely  the  coDtiQuous  filter  No.  43. 

From  July  10  to  December  8  the  surface  was  scraped  4  times. 
Tbb  was  an  average  of  once  in  35  days.  The  average  depth  removed 
was  0.28  inch,  and  the  average  quantity  of  water  filtered  between 
scrapings  was  equivalent  to  78  millioo  gallooa  per  acre.  The  sand 
removed  was  equivalent  to  0.48  cubic  yards  per  million  gallons. 

The  sand  removed  np  to  October  27  was  replaced  with  clean 
material  on  that  date,  and  after  that  time  the  sand  was  replaced  at 
the  time  of  scraping. 

Monthli/  Averages  of  Analysa  of  Effiuerd  of  FOUr  No.  45. 

[Port*  p«r  100,000.] 
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Filter  No.  46. 
This  filter  was  put  in  operation  Aug.  21,  1893,  and  contained  12 
inches  of  sand  of  an  effective  size  of  0.29  millimeter.  This  sand 
was  from  the  same  lot  as  that  used  for  No.  44.  It  has  been  operated 
coDtinoously.  From  August  21  to  December  8  the  surface  was 
scraped  9  times  to  relieve  clogging,  and  the  average  depth  removed 
was  0.25  inch.  The  average  quantity  of  water  filtered  between 
scrapings  was  equivalent  to  29  million  gallooH  per  acre.  It  waB 
scraped  on  an  average  once  in  11  days,  and  tb«  Msd  removed  was 
equivalent  to  1.16  cubic  yards  per  million  gallons. 
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Monthly  Averages  of  Analytes  of  Effluent  of  Filter  No.  46. 

[Pirti  per  100,000.] 
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Filter  No.  47. 

This  filter  was  put  in  operation  Sept.  8,  1893,  and  contained  60 
inciies  in  depth  of  sand  of  an  effective  size  of  0.29  millimeter.  The 
sand  was  of  the  same  size  and  from  the  same  lot  as  that  of  No.  44. 
It  has  been  operated  intermittently  in  the  same  manner  as  Xo.  41 
(see  page  503). 

From  September  8  to  December  8  it  was  scraped  twice,  an 
average  of  once  in  42  days.  The  average  depth  removed  was  0.45 
inch,  and  the  average  quantity  of  water  filtered  between  scrapings 
was  equivalent  to  100  million  gallons  per  acre.  The  sand  removed 
was  equivalent  to  0.60  cubic  yard  per  million  gallons. 


Monthly  Averages  of  Analyses  of  Effluent  of  Fitter  No.  47. 

[Pnru  p«r  100,000.] 
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Filter  No.  48. 

This  filter  was  put  in  operation  Sept.  9,  1893,  and  contained  60 
inches  in  depth  of  sand  of  an  effective  size  of  0.38  millimeter.  It 
has  been  operated  intermittently  in  the  same  way  as  No.  41  (see 
page  503). 

Up  to  December  8  it  was  scraped  but  once,  —  71  days  after  it  was 
first  put  in  operation.  The  depth  removed  was  0.88  inch,  which 
was  equivalent  to  0.66  cubic  yard  per  million  gallons  of  water.  The 
qaantity  filtered  up  to  the  time  of  the  scraping  was  equivalent  to  181 
million  gallons  per  acre. 


Monthly  Averages  of  Analyses  of  Effluent  of  Filler  No.  48, 

[Parte  per  100,000.] 
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Filter  No.  49. 

This  filter,  a  duplicate  of  No.  48,  was  put  in  operation  Sept.  9, 
1893.  It  has  been  operated  continuously.  Up  to  December  8  the 
surface  was  scraped  4  times,  an  average  of  once  in  37  days.  The 
average  depth  removed  was  0.32  inch,  and  the  average  quantity  of 
water  filtered  between  scrapings  was  equivalent  to  79  million  gal- 
lons per  acre.  The  sand  removed  was  equivalent  to  0.53  cubic  yard 
per  million  gallons. 
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Monthly  Averages  of  Analyses  of  EffltterU  of  Filter  No.  49. 

[ParU  per  100,000.] 
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Filters  Nos.  3B  and  8  A, 

These  filters  are  each  one  two-huDdredth  of  an  acre  in  area,  and 
contain  5  feet  in  depth  of  sand  of  an  effective  size  of  0.23  millimeter. 
This  sand  was  taken  from  the  same  place  as  that  which  was  nsed  in 
the  construction  of  the  Lawrence  city  filter,  and  in  size  it  is  very 
similar  to  a  large  proportion  of  the  sand  in  the  city  filter.  The 
maximum  rate  at  which  this  sand  will  allow  water  to  pass,  when  the 
acting  head  is  equal  to  the  depth  of  the  sand,  is  estimated  at 
43,000,000  gallons  per  acre  daily.  The  maximum  loss  of  head  in 
the  case  of  each  filter  is  about  73  inches. 

Filter  No.  3B  has  been  operated  intermittently  since  Sept.  23, 
1893,  as  follows:  at  5  a.m.  the  gate  on  the  outlet  pipe,  to  which 
no  trap  has  been  attached,  was  closed,  and  the  water  turned  on  at 
the  top,  near  the  edge.  When  the  filter  was  covered  (about  7.30 
A.M.)  the  gate  on  the  outlet  pipe  was  opened  to  give  the  prescribed 
rate  of  filtration,  and  the  surface  was  kept  covered  until  9  p.m.,  when 
the  water  was  shut  off  and  the  filter  allowed  to  drain  durins:  the  night. 
The  filter  has  been  operated  in  this  manner  six  days  in  a  week,  and 
allowed  to  rest,  after  draining,  on  the  seventh  day.  The  rate  of  flow 
was  10  gallons  per  minute  for  about  16  hours  during  the  day.  This 
rate  is  equivalent  to  2,880,000  gallons  per  acre  daily  (24  hours). 
In  addition  to  the  quantity  of  eflluent  obtained  at  this  rate  for  li> 
hours  daily  there  is  the  daily  drainage  of  the  water  held  in  the  pores 
of  the  sand,  equivalent  to  about  400,000  gallons  per  acre.  On 
Feb.  27, 1894,  the  rate  was  reduced  from  10  to  8  gallons  per  minute, 
owing  to  a  lack  of  water  supplied  by  the  inlet  pipe.     The  total 
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quantity  of  effluent  yielded  up  to  May  1,  1894,  was  equivalent  to 
356,191,100  gallons  per  acre,  which  is  an  average  daily  rate  of 
1,650,000  gallons  per  acre,  or  1,925,000  gallons  for  each  of  the  six 
days  weekly  on  which  it  was  actually  operated.  The  first  occasion 
on  which  the  filter  failed  to  yield  water  at  the  prescribed  rate  was 
on  December  19,  when  the  total  quantity  of  effluent  was  equivalent 
to  153,105,500  gallons  per  acre.  The  outlet  gate  was  closed,  with 
the  surface  covered,  from  9.25  to  10.25  a.m.,  during  which  time  the 
air  that  had  been  held  in  the  pores  of  the  sand  bubbled  up  through 
the  surface  and  caused  the  water  level  to  drop  5  inches.  This  treat- 
ment was  repeated  on  Dec.  24,  1893,  Jan.  13,  15,  16  and  17,  1894. 
Ice  was  removed  from  the  surface,  in  order  to  facilitate  the  dis- 
placement of  air  by  water  within  the  filter,  as  follows  :  January  4, 
2  to  8  inches;  January  16,  4  inches;  February  26,  6  inches.  The 
ice  was  broken  along  the  edges  on  January  15,  when  it  was  6  inches 
thick.  The  filter  was  drained  every  night,  and  from  1  to  3  inches 
of  frost  frequently  appeared  at  the  surface  and  caused  an  unfavorable 
effect  upon  the  removal  of  bacteria  and  upon  nitrification  during 
the  winter  months  (see  pages  468  and  481).  On  Jan.  31,  1894,  a 
wooden  conduit,  similar  to  the  lateral  conduits  at  the  Lawrence  city 
filter,  was  placed  across  the  middle  of  the  surface  to  aid  in  the  distri- 
bution of  the  water.  The  filter  was  scraped  about  0.6  of  an  inch  deep 
on  March  17,  1894,  and  the  surface  ridged ;  the  depth  of  sand  at  the 
sides,  at  right  angles  to  the  conduit,  was  increased  6  inches,  and  the 
surface  graded  off  toward  the  centre,  somewhat  similar  to  the  arrange- 
ment of  the  surface  of  the  Lawrence  city  filter.  It  was  not  necessary 
to  scrape  the  surface  at  this  time  to  relieve  clogging,  as  the  loss  of 
head  was  only  18.5  inches  on  this  date.  The  total  quantity  of  efflu- 
ent up  to  this  time  was  equivalent  to  295,226,500  gallons  per  acre. 
The  discolored  and  partially  clogged  sand  removed  was  equal  to  0.27 
cubic  yard  per  million  gallons.  The  reason  that  this  filter  yielded 
so  much  more  water  without  scraping  than  No.  8  A,  its  continuous 
mate,  was  that  the  method  of  operation  practised  caused  a  dis- 
turbance of  the  accumulating  sediment  on  the  surface.  The  effect 
of  this  was  also  felt  in  the  bacterial  results,  as  will  be  seen  beyond. 

In  the  tables  on  the  pages  beyond  are  presented  the  daily  results 
obtained  from  Filters  Nos.  3B  and  8  A,  and  in  the  foot-notes  men- 
tion is  made  of  all  special  features  in  the  operation  of  the  filters. 

Filter  No.  8  A  has  been  operated  continuously  since  September 
26  at  the  rate  of  7  gallons  per  minute,  equivalent  to  2,016,000  gal- 
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loDS  per  acre  daily.  The  rate  of  filtration,  which  is  controlled  by  a 
gate  on  the  outlet  pipe  to  which  no  trap  was  attached,  was  reduced 
on  February  27  to  5  gallons  per  minute,  owing  to  a  reduction  in  the 
quantity  of  water  delivered  by  the  inlet  pipe.  The  total  quantity  of 
effluent  yielded  up  to  May  1,  1894,  was  equivalent  to  359,850,800 
gallons  per  acre,  which  is  an  average  daily  rate  of  1,660,000  gal- 
lons per  acre.  During  this  period  the  surface  was  scraped  six  times, 
as  follows:  October  24,  November  13,  December  2,  February  21, 
March  17  and  April  23.  The  depth  removed  in  each  case  was  about 
0.3  of  an  inch,  which  is  equivalent  to  0.70  cubic  yard  per  million 
gallons  on  an  average.  The  average  quantity  of  water  yielded  be- 
tween scrapings  to  relieve  clogging  was  58,200,000  gallons  per 
acre ;  the  minimum,  36,900,000  gallons ;  and  the  maximum,  147,- 
600,000  gallons  per  acre.  The  average  number  of  days  between 
scrapings  was  35,  the  minimum  19  and  the  maximum  81.  During 
the  latter  period  (December  2  to  February  21)  the  filter  became 
clogged  seven  times,  as  follows :  December  29,  January  16,  26  and 
29,  February  10,  12  and  19.  On  each  occasion  the  prescribed 
quantity  of  water  failed  to  pass  through  the  filter  with  the  gate  on 
the  outlet  pipe  wide  open.  The  pores  of  the  sand  at  these  times 
contained  considerable  air;  how  much  of  it  was  evolved  by  the 
water  is  not  definitely  known,  but  it  appears  now  that  the  greater 
part  came  through  the  untrapped  outlet  pipe,  which  was  only  partly 
filled  with  water  on  these  days.  By  shutting  the  gate  on  the  outlet 
pipe  the  air  rose  to  the  surface  and  disturbed  the  layer  of  accumu- 
lated sediment  sufficiently  to  allow  filtration  to  proceed  for  some 
days.  To  facilitate  the  displacement  of  air  within  the  pores  by 
water  the  ice  was  removed  as  follows  :  December  29,  3  to  8  inches ; 
January  16,  2  to  8.5  inches ;  January  29,  6  inches ;  February  12,  3 
to  6.5  inches;  February  21,  2  to  6  inches.  The  ice  was  broken 
along  the  edge  on  February  10  and  19.  The  space  above  the  top 
of  the  sand  was  9  inches.  It  is  probable  that  scraping  could  have 
been  considerably  longer  postponed  by  continuing  this  method  of 
treatment.  The  filter  was  scraped  on  March  17  for  the  sake  of  get- 
ting conditions  for  experiments  comparable  with  those  in  No.  3  B. 
The  filter  was  not  clogged  on  that  date.  Neither  filter  was  at  any 
time  protected  from  the  weather. 

The  monthly  averages  of  the  results  of  chemical  and  bacterial 
analyses,  which  have  already  been  discussed,  are  presented  in  the 
following  tables :  — 
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s  of  Anilysei  of  Menriniack  Rivtr  Water  taken  from  the  Canal 
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The  bacterial  samples  io  this  and  in  the  two  following  tables  cor- 
respond as  to  time  of  collection  to  the  chemical  samples.  The 
results  of  daily  bacterial  analyses  will  be  found  beyond. 
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^orUhly  Averages  of  Analyxa  of  Effluent  of  (Continuous)  Filter  No.  8  A. 

[Paru  p«t  100,000.] 
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The  treatmeDt  of  this  filter  od  Miirch  17,  1894,  by  which  the  sur* 
face  was  ridged  ia  the  munner  already  described,  appeared  to  lessen 
the  DiechaQical  disturbance  of  the  sand  during  the  process  of  filling 
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the  filter  from  the  top,  and  thereby  increase  its  bacterial  efficiency. 
The  average  of  the  results  given  above  show  that  during  the  period 
November  to  April,  inclusive,  this  filter  allowed  2.18  per  cent,  of  the 
number  of  applied  bacteria  to  pass  through  into  the  effluent.  These 
results,  however,  cover  only  the  first  eight  hours  of  each  day's  flow, 
and  it  has  been  learned  that  during  the  latter  half  of  the  flow  (4 
P.M.  to  midnight)  the  efficiency  is  practically  the  same  or  a  very  little 
greater  than  at  4  p.m.  Averaging  then  the  results  obtained  at  4  p.m. 
with  the  total  average  for  the  first  half  of  the  day  (8  a.m.  to  4  p.m.) 
we  find  that  1.93  per  cent,  of  the  number  of  applied  bacteria  passed 
through,  —  B  removal  of  98.07  per  cent. 


MofUhly  Averctges  of  Bacterial  Results  from  {Continuous)  Filter  No.  8  A. 
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Experiments  upon  this  filter  show  that,  under  normal  conditions, 
its  efficiency  in  removing  bacteria  is  substantially  the  same  during 
the  entire  twenty-four  hours.  The  averages  given  above  include  all 
results  obtained  and  indicate  that  in  some  cases  somewhat  variable 
numbers  were  found  in  the  effluent  during  the  day.  This  is  explained 
by  the%xistence  of  some  abnormal  condition  during  a  very  few  days 
in  the  month.  The  average  results  for  the  period,  November  to 
April,  inclusive,  show  that  the  effluent  contained  0.91  per  cent,  of 
the  number  of  applied  bacteria,  —  a  removal  of  99.09  per  cent. 
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Filter  No,  3B  (IntermiUeni). 


DATE—  189S. 


September  S7, 


October 


28,  . 

»,  . 

80,  . 

1.  . 

2.  . 
S,  . 
4.  . 


6. 
7, 


e,     •       «       •       • 


10, 
U. 
12. 
18, 

14, 

15. 
16, 

IT, 
18. 

10. 
20, 

21. 
22. 
28. 
24. 
25, 
26, 
27. 
28. 

29, 
80, 

81, 


Quantltj 
of  Effluent 

Oalloni 
per  Acre  DaSty. 


2.828.200 
2.024.200 
1.662,400 
2.285,600 

0 
2.067,200 
2,200,400 
2,188,000 
2,145.400 
2.250.000 
2.120.000 

0 
2,205,800 
2,261,000 
2,060.000 
2.151,600 
2,186,800 
2.088.400 

0 
2.179.800 
2.242.600 
2.106^800 
2.202.000 
2.227.400 
2,320.000 

0 
2,260.000 
2.252,000 
2.087.600 
2.262.000 
2,188.200 
2.235,800 

0 
2.265.400 
2.289,400 


Baeterto  per 

Coble 

Centimeter 

In 

AppUed  Water. 


89,00a 
64,800 
44,800 
79,800 

24,800 
18,600 
20,200 
12.500 
18.800 
22.000 

8,600 
25,000 
45,600 
55,200 
84,200 
61,800 

22.000 
16.200 
4.600 
5.200 
6.800 
6,800 

1,000 
4.800 
16,200 
20.700 
7,200 
7.100 

6,000 
4,400 


Baotbua  pbx  Cubic  Ckxtimiiu 

iv  Eptlukmt. 


11  A.M. 


12,800 
20,600 
86.600 
88,600 


8,800 
8.800 
4.100 
2.700 
4.200 

1.700 
8.000 
6.800 
2.100 
5,200 
1,870 

1,200 

1.020 

450 


760 
270 

280 
280 
480 
280 
540 
400 

210 
180 


S  rM, 


18.800 
13,000 
18.600 
21.000 

6.400 
MOO 
4.800 
2.400 
1,500 


000 

1,260 
4.600 
2UMM 


420 
640 
210 
180 
ISO 
160 

160 

m 

180 
880 
210 

120 
160 


The  toul  qaantliy  of  efflaent  to  the  end  of  October  wai  eqalvalent  to  65,887,000  gailone  per  acre. 
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FiUer  No,  8  A  (Ckmtinuous), 


Datb  —  189S. 


October 


September  27, 
28. 
29. 

1, 
2. 
8, 
4. 
6. 
0. 
7, 

8. 

0. 
10, 
11. 
12. 
18, 
M. 
16. 
18. 
IT. 
18. 
W. 
20, 
21. 
22. 
28, 
24, 

26, 
26, 
27, 
28. 

2», 
30, 

81. 


Qaantit7 
of  Effluent. 

Oalloni 
per  Acre  Dallj. 


Bacteria  per 

Cubic 

Centimeter 

In 

Applied  Water. 


1.071.400 
2,018,000 
1,981,400 
2,068.000 
2.068.000 
1,070,000 
2,002,000 
2.007,400 
2,030,000 
2,044,000 

680.000 
0 
1,917.000 
1.894,800 
2.009.000 
2.002,000 
1.995,800 
1,998.600 
1,998.600 
2,184,000 
1,926.800 
2,009.000 
1,927.200 
1.878,200 
1,947,200 
1,000.000 

288.400 
1,673.000 
2.044.000 
2,023,000 
2,009,000 
2,023,000 
2.023,000 
2.016,000 
1,996.000 


89,900 
64,800 
44.800 
70,800 

24,300 
18,800 
20,200 
12,600 
13,800 
22,000 

8.800 
26.000 
46.800 
66.200 
84,200 
61.900 

22.000 
18.200 
4,600 
6,200 
6.800 
8,300 

1,900 
4,800 
18,200 
20,700 
7,200 
7.100 

6.000 
4,  too 


BACTBUA  PKR  CL'BIC  CaMTXMITBS 
III  EfTLVUm. 

11  AM. 

2  P.M. 

12.100 

18,600 

18.700 

24.000 

12.000 

14.800 

8,900 

16,000 

8,800 
8,000 
2,700 
2,700 
8,000 
2,800 

1,040 
840 

1,760 
420 
430 
190 

190 
210 
120 
180 
190 
280 


4,400 
2,800 
8,800 
1,600 
2,200 


680 
420 
720 
900 


180 
200 
130 
120 
220 
240 


220 

290 

- 

180 

270 

820 

130 

140 

220 

210 

190 

190 

90 

90 

160 

120 

The  total  qaantity  of  effluent  to  the  end  of  October  wae  63,200,400  gallona  per  acre. 
The  gate  on  the  outlet  pipe  wai  closed  October  7,  4  p.m.,  to  October  9,  8  a.m.  ;  and  October  28, 8.40 
to  11.86  A.X.    On  October  24  the  rarface  was  allowed  to  uncoyer.  and  was  scraped  between  10  and  12  a.m. 
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FiUer  No.  3B  (ItUermiUent)  —Contmaed. 


TX  .   ^aa                '4  ^  tfhtfft 

Quantity 
of  Efflaent. 

Gallons  per 
Acre  Dally. 

Bacteria  per 

Cable 

Centimeter 

in  Applied 

Water. 

1 
Bactsbia  ] 

PBS  Cubic  Cbxtimbtbr  iv  EFFinn. 

Date — 1898. 

8  A.K. 

11  A.M. 

2  P.M. 

4r.x. 

November  1,    . 

1 

2,203,000 

1 

6,000 

836 

300 

164 

110 

2.    .       . 

2.185,800 

7,600 

276 

384 

137 

170 

8,    . 

2,251,000 

8.000 

100 

240 

198 

no 

4,    . 

i       2,180,400 

6,300 

102 

240 

144 

no 

5.    .        . 

0 

- 

- 

- 

- 

- 

6.    .        . 

2,226,400 

7,300 

510 

646 

250 

100 

7.    . 

2.102,800 

5,200 

306 

824 

160 

75 

8,    . 

2,200,400 

4.400 

890 

268 

96 

112 

9,    . 

2,200,800 

4.600 

294 

258 

150 

115 

10,    . 

2,107,000 

5,600 

240 

146 

140 

60 

11.    . 

!       2,072,400 

1 

5,100 

216 

206 

162 

lis 

12,    . 

1 

0 

- 

- 

- 

- 

- 

18,    . 

2,262,200 

8,700 

351 

821 

100 

130 

M,    . 

1,978,000 

1 

8,000 

204 

249 

170 

10& 

16,    . 

1,086,000 

'      4,700 

180 

128 

57 

07 

Ifl.    . 

2,217.400 

6,900 

210 

206 

120 

66 

17.    . 

2,101,000 

6,800 

170 

248 

114 

« 

18,    . 

2.270.400 

6,700 

240 

221 

106 

62 

19.    . 

0 

- 

- 

- 

- 

- 

20,    . 

2,145.600 

8,000 

400 

216 

120 

140 

21,    . 

2.071.200 

8,200 

180 

60 

180 

14S 

22,    . 

2.185,600 

8,200 

182 

180 

117 

110 

28,    .        . 

2,110,600 

18,800 

240 

190 

106 

89 

24,    .        . 

2,105,200 

10,100 

246 

270 

26S 

100 

26.    .        . 

2,170,800 

11,500 

886 

860 

800 

800 

26,    .        . 

0 

- 

- 

- 

- 

- 

27,    .        . 

2,250,200 

10,500 

600 

480 

140 

124 

28.    . 

1,002,000 

0,100 

420 

480 

6» 

4» 

20.    .        . 

2,005,600 

12,300 

450 

1 

280 

seo 

140 

80.    .        . 

2,127,800 

6,800 

684 

• 

- 

- 

Qoantlty  of  efflaent  for  month  wae  56,05^600  faUoni  per  «ore. 
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FUUr  No,  8  A  {Continuous)  —  Continued. 


Datb— 18»S. 


November  1, 
2, 
3, 
4. 
6. 
«. 
T. 

10, 
11. 
12. 
13, 

14, 
16, 

16. 
IT. 
18. 

M. 
20. 

21. 
22. 
28. 
24. 
26. 
26. 
27. 
28. 
2B. 
80. 


Quantity  of 

EflllMDt. 

Qalloni  Mr 
Acre  Dallj. 


Bacteria  per 

Cubic 
Centimeter  ' 
In  Applied  I 

Water. 


Bactuua  pBi  Cubic  Cbhtimbtbb  iv  Efflubkt. 


2,028.000 

6,000 

210 

66 

1,088,000 

7,600 

170 

1 

128 

2.061,000 

8,000 

180 

160 

2,002,000 

6,300 

97 

76 

2,002,000 

- 

- 

- 

1,086.400 

7,800 

46 

02 

1,066,800 

6,200 

126 

120 

2,027,200 

4,400 

66 

91 

1,820,600 

4.600 

110 

100 

1,686,600 

6,600 

1    110 

130 

1.000,000 

6,100 

186 

276 

848,400 

- 

1 

- 

1,668,200 

8,700 

660 

842 

2,002,000 

8,900 

1    270 

240 

2,016,000 

4,700 

180 

128 

2,001,400 

6,000 

140 

127 

2,016,000 

6,300 

97 

70 

2.026,600 

6,700 

106 

107 

2,026,600 

- 

1 

- 

2,084,200 

8,900 

110 

80 

2,160.800 

8,200 

'    100 

140 

2,061,000 

8,200 

80 

97 

1,981,000 

18,300 

68 

62 

2,087,000 

10,100 

60 

66 

2,080,000 

11,600 

1     46 

46 

2,000,000 

- 

- 

1,986,200 

10,600 

26 

70 

2,046,800 

9,100 

76 

00 

2,028,000 

12,800 

78 

80 

1,016,000 

6^800 

76 

- 

68 

96 

180 

180 

164 

108 

121 

66 

- 

- 

96 

76 

120 

112 

62 

76 

114 

126 

184 

216 

279 

240 

- 

- 

810 

878 

106 

90 

160 

91 

110 

104 

100 

70 

70 

87 

- 

- 

96 

70 

102 

100 

92 

90 

89 

00 

86 

20 

44 

26 

82 

64 

112 

120 

46 

88 

- 

- 

QaaBttty  of  effluent  for  month  waa  66,068,600  gallona  per  more. 

The  outlet  pipe  waa  eloaed  November  11.  0  to  10  ▲.x..  but  no  air  came  out  at  the  inrface.  The  tar. 
(Bee  was  aeraped  Norember  13  between  11  a  x.  and  3  p.x. 
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Filler  No.  3  B  (IntermiUent)  —  Continued. 


Qnantitj 
of  Efflaent. 

Gallons  per 
Acre  Dally. 

Bacteria  per 

Cubic 
Centimeter 
In  Applied 

Water. 

Bacteria  pbi  Cukc  Ckktimbtbb  d 

r  Efflukxt. 

Datb  — 1S98. 

8  A.IC. 

11  A.M. 

2P.IC. 

1 
4r.x. 

1 

December  1,    .       .       . 

•  2.084.800 

12,300 

408 

270 

100 

187 

2.    .       . 

2,055,000 

15,500 

790 

390 

240 

250 

3,    .        . 

0 

- 

- 

- 

- 

1 

4.    .        . 

1.897,800 

11,200 

568 

386 

800 

1        240 

6.     .        . 

1,920,800 

11,700 

318 

600 

270 

218 

6,     .        . 

2.043,800 

10,500 

288 

860 

170 

1» 

7.    .        . 

1.986.200 

11,900 

230 

190 

222 

185 

1 

8.    .        . 

2.157.800 

10.300 

192 

249 

218 

2M 

9.    .        . 

2.190,600 

10,400 

252 

294 

- 

1 

10,     . 

0 

- 

- 

- 

- 

- 

11.    .        . 

S.207,800 

9,200 

860 

384 

330 

;    818 

12,    .        , 

2,123,000 

8,500 

275 

270 

202 

S5S 

13,    . 

2.025,600 

7,400 

870 

240 

854 

270 

14.    .        . 

2,086.600 

9,000 

130 

192 

886 

818 

15,    . 

2,100.700 

7.200 

151 

180 

848 

204 

16,    .        , 

2,030.600 

10,600 

270 

150 

- 

~ 

17,    .        . 

0 

- 

- 

- 

- 

" 

18,    . 

2.254,800 

12,800 

270 

258 

240 

720 

19,    . 

1,900,200 

21,200 

800 

195 

240 

1     ro 

20,    . 

1,988,400 

11.600 

288 

810 

330 

420 

21,    . 

2,084.600 

11,200 

180 

103 

180 

240 

22.    . 

2.103.000 

9.100 

329 

220 

276 

288 

23,    .        . 

2.057,000 

8,300 

386 

294 

228 

170 

24,    . 

1,817,600 

- 

- 

- 

- 

25.    .        . 

0 

• 

- 

- 

- 

26,    . 

2,017,400 

10,300 

860 

860 

246 

210 

27,    .        . 

2.053.800 

5.000 

220 

147 

167 

140 

28,    . 

2,052.000 

5.300 

285 

261 

120 

150 

29,  . 

30.  . 

2,015.600 
2.069,800 

5.800 
7,600 

840 
153 

889 

227 

128 
133 

14« 
140 

31,    . 

0 

- 

1 

• 

^— 

«* 

Quantity  of  efflaent  for  month  was  53,275,300  gallona  per  acre.  ^  ^  oat' 

To  remove  the  air  held  In  the  porei  of  the  sand  and  which  prevented  a  normal  flow  of  ^^^ 
let  waa  closed  Decombei  19.  9.25  to  10.25  A.M..  and  December  24.  9.45  to  11  a.m. 
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Filter  No.  8  A  {OotM$Mou»)  —  Continaed. 


TkA<*»_  V  AAS 

Qnantltjr 
of  ISfllDtnt. 

Oalloof  p«r 
Acre  OaJly. 

Bacteria  per 

Cable 
Centimeter 
In  Applied 

Water. 

Bactkua  pbb  Cdbio  CKvniciTBm  or  Efwunmr, 

HATS'-*  ABW* 

8  AM, 

11  A.IC. 

2  r  jc. 

4  P.1K. 

DMMnber  1,    . 

1,704,200 

12,800 

67 

170 

210 

147 

2.    . 

1,887,600 

16,600 

864 

- 

- 

848 

3,    .       . 

1.887,600 

- 

- 

- 

- 

- 

4.    . 

1,068,000 

11,200 

180 

170 

800 

120 

6.    .        . 

2,087.000 

11,700 

216 

184 

240 

140 

6,    .        . 

2.000,000 

10,600 

110 

140 

180 

120 

T.    . 

1,967,000 

11,900 

128 

106 

82 

77 

8.    . 

2,000,000 

10,800 

72 

80 

126 

140 

•.    .        - 

1,980,600 

10,400 

86 

70 

- 

- 

lOt    .        . 

1,980.600 

- 

- 

- 

- 

- 

11,    . 

2,910,000 

9,200 

46 

07 

70 

98 

12,    .        . 

2,010,000 

8,600 

49 

68 

00 

67 

18,    . 

2,080.000 

7,400 

44 

88 

48 

48 

U,    .       , 

2,000,000 

9/X)0 

61 

78 

68 

81 

16.    .        . 

1,920,200 

7,200 

84 

20 

80 

74 

18,    . 

2,182,600 

10,000 

22 

40 

- 

- 

17.    .       . 

2,182,500 

- 

- 

• 

- 

- 

18,    .        . 

2,080,000 

12,800 

110 

188 

190 

147 

19,    .        . 

1,988,000 

21,200 

96 

76 

140 

110 

29,    .        . 

2,087,000 

11,000 

114 

96 

72 

120 

21.    .        . 

2,010,000 

11,200 

41 

63 

60 

69 

22.    .        . 

1,988,000 

9,100 

79 

62 

00 

80 

28.    .        . 

2,068,000 

8,300 

99 

92 

97 

- 

24.    .        . 

1,886,700 

- 

- 

- 

- 

- 

28,    .        . 

1.886,700 

- 

- 

- 

- 

- 

26.    .        , 

1,994,000 

10,800 

44 

49 

49 

60 

2T,    .        , 

1,829,800 

6,000 

86 

46 

60 

60 

28,    .        . 

1,790,000 

6,800 

60 

87 

79 

148 

29.    .       , 

1,716,000 

6,800 

106 

210 

808 

806 

80,    .        , 

2,010,000 

7,000 

74 

78 

02 

03 

81.    . 

2,010.000 

- 

- 

- 

- 

- 

Qnaatltj  of  efflnant  for  month  waa  00,966,800  gmUoai  per  aore. 

Tko  aorfaea  was  aenpcd  on  Deeember  2  between  10  a Ji  and  4  p.m.  The  lota  of  head  waa  aqoal  to 
the  depth  of  tha  flitar  on  Deoamber  29;  tha  ioa  8  to  8  inehaa  in  thieknaaa  waa  removed  and  tba  ontlal 
cleeed  8  JO  to  1146  a.m.  to  allow  tba  eaoapa  of  air  held  in  tha  aand. 
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FOter  No.  8  B  (/nterm^UenQ  — Continaed. 


W      .      BMi^                                4      ^fc^^       ^ 

Qnantltj 
ofEfflaent. 

OaOontper 
Acre  Dailj. 

Loaa  or  Head. 

(IMOHBS.) 

Baetenap«r 

Cable 
Centimeter 
u  Applied 

Water. 

Baotsua  pbb  Cubic  CsmwiTu 

nr  EVFLUBVT. 

Date— 1M4. 

8A.X. 

4fji. 

8AJI. 

11A.X. 

2P.IC. 

4MC. 

January  1,    . 

2,165,000 

- 

- 

4,500 

888 

204 

262 

»e 

2,    . 

1,M5,600 

- 

- 

5,000 

258 

166 

116 

185 

8,    . 

1,508,400 

•» 

- 

8,600 

152 

150 

142 

108 

4.    . 

1,862,200 

- 

- 

4,400 

112 

211 

228 

SIO 

6.    .        . 

1.914,800 

- 

- 

6,000 

150 

160 

146 

155 

«.    .        . 

2,000,600 

- 

- 

7,800 

805 

278 

173 

m 

7.    .        . 

0 

- 

- 

- 

- 

- 

- 

- 

8,    . 

2,068,600 

58.8 

18.8 

8,200 

285 

205 

878 

522 

0,    . 

2,058,600 

48.0 

17.8 

7,500 

288 

224 

810 

148 

10,    . 

2,282,200 

40.0 

14.0 

6,700 

858 

277 

880 

187 

11,    .        . 

2,087,800 

14.0 

15.0 

6,800 

276 

210 

170 

140 

12,    . 

1,968,800 

14.8 

15.5 

7,600 

280 

195 

197 

m 

18,    . 

840,000 

61.0 

- 

7,900 

- 

- 

- 

119 

14,    . 

0 

- 

- 

- 

- 

- 

- 

- 

15,    . 

1,258,400 

- 

58.0 

10,500 

- 

« 

- 

149 

18,    . 

1,815,600 

72.0 

65.0 

7,100 

- 

468 

884 

848 

17,    . 

1,696,200 

62.5 

57.8 

6,800 

- 

215 

848 

474 

18,    . 

2,067,000 

57.5 

51.5 

8,100 

202 

210 

872 

140 

19,    .        . 

2,022,400 

16.5 

15.0 

8,500 

206 

290 

196 

189 

20,    . 

1.995,000 

48.5 

14.8 

7,800 

118 

221 

880 

S85 

21.    . 

0 

- 

- 

- 

- 

- 

- 

- 

22,    .       . 

2,188,800 

16.5 

14.8 

9,700 

226 

814 

166 

1&9 

28,    .        , 

1,950,200 

18.5 

15.8 

8,600 

816 

209 

810 

Sti 

24.    . 

1,970,600 

15.8 

16.0 

6.200 

124 

242 

191 

110 

26,    .        . 

1,957,600 

15.8 

16.0 

6.806 

80 

165 

186 

96 

26,    . 

2,168,000 

41.0 

18.0 

6,100 

96 

145 

189 

241 

27.    . 

2.145,800 

18.0 

18.5 

9,000 

92 

117 

162 

122 

28,    . 

0 

- 

1 

- 

- 

- 

- 

2».    . 

1,874,800 

14.5 

15.0 

6,400 

115 

191 

901 

167 

80,    • 

0 

- 

- 

6,900 

- 

- 

- 

m 

81,    . 

2,040.000 

- 

12.8 

7,700 

- 

- 

170 

Quantity  of  effluent  for  month  was  40.868.000  galtona  per  aere. 

January  4, 2  to  8  inobes  of  ice  removed.  January  18.  outlet  cloeed  10.45  a.m.  to  2.50  tm.  Juoary 
15.  ioe  6  inchea  thick  wai  broken  along  the  edge  and  outlet  oloaed  until  8.50  p.m.  January  16, 4  iaefaee 
of  Ioe  removed  and  outlet  closed  10  to  11.15  a.m.  January  17,  outlet  opened  at  10.80  aji .;  a  large  qutf* 
tity  of  air  appeared  at  the  surface.    January  31.  a  wooden  distributing  trough  put  on  aurflMe. 
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FUter  M.  8 A  (CVmMnuotM)— Continued. 


Qnantlty  of 
SfDoent 

Gallons  per 
Acre  Dal^. 

L088  or  Hbad. 

(IVCHKS.) 

Bacteria  per 

Coble 
Centimeter 
in  AppUed 

Water. 

BAOTsaxA  PBS  Cubic  Cbbtixbtbb 
IV  EvFLnBin. 

Datb— laM. 

8  A.K. 

4  P.K. 

8  A.K. 

11  AJC. 

2  r.K. 

4r.K. 

JftBoary  1,    . 

2,016,000 

- 

- 

4,600 

44 

88 

40 

60 

%    . 

2.016,000 

- 

- 

6.000 

49 

47 

68 

69 

8,    . 

2,072,000 

- 

- 

8,600 

69 

66 

68 

51 

4.    . 

1,974,000 

- 

- 

4,400 

87 

48 

64 

40 

6.    .        . 

2,016.000 

- 

- 

6,000 

24 

81 

68 

60 

«.    . 

2,016,000 

- 

- 

7,800 

24 

80 

47 

68 

7.    . 

2,016,000 

- 

- 

- 

- 

- 

- 

- 

8,    .        . 

1,046,000 

18.6 

21.0 

8,200 

47 

42 

60 

62 

».    .        . 

2,246,400 

16.5 

24.5 

7,500 

86 

48 

66 

88 

10.    . 

1,802,400 

24.6 

28.5 

6,700 

71 

126 

98 

146 

11,    .        , 

1,805.000 

81.0 

31.0 

6,800 

102 

UO 

U8 

122 

12,    .        , 

2,080,000 

48.8 

61.5 

7,600 

148 

166 

186 

184 

!»•    . 

1,925,000 

62.0 

60.8 

7,900 

221 

288 

248 

206 

.14,    .        . 

1,925,000 

- 

- 

- 

- 

- 

- 

- 

15,    . 

1,028,000 

69.0 

78.0 

10.500 

200 

252 

240 

208 

M,    .        . 

1,638,000 

78.0 

12.5 

7,100 

106 

- 

168 

168 

17,    . 

2,002.000 

11.6 

11.8 

6.800 

189 

98 

106 

126 

18,    .        . 

2,037.000 

12.0 

12.0 

8,100 

89 

77 

78 

92 

W,    .        , 

2,023.000 

13.0 

12.8 

8,500 

88 

86 

62 

76 

20.    .        , 

2.010.500 

14.5 

15.0 

7,800 

45 

67 

48 

87 

21,    .        , 

2.019.500 

- 

- 

- 

- 

- 

- 

- 

22,    .        , 

1.886,200 

19.0 

20.5 

9,700 

28 

26 

82 

76 

2».    .        . 

2.030.000 

28.5 

24.6 

8.600 

45 

48 

51 

81 

24,    .        . 

1,865.800 

27.8 

82.3 

6,200 

88 

61 

44 

41 

26.    .        . 

1,704,600 

47.0 

57.6 

6,800 

42 

27 

65 

68 

2e,   .      . 

219,000 

78.0 

47.0 

6,100 

60 

68 

60 

- 

21,    .        . 

1,841.200 

87.0 

62.0 

9,000 

49 

58 

51 

Ill 

28,    .        , 

400,000 

- 

- 

- 

- 

- 

- 

• 

29.    .        , 

1.607.000 

78.0 

10.6 

6,400 

28 

- 

•» 

64 

ao,   .      , 

2,044.000 

18.6 

18.5 

6,900 

80 

58 

56 

68 

81,    . 

1.988.000 

10.3 

10.3 

7,700 

46 

41 

46 

46 

Qnaotity  of  efflaent  for  month,  56,835.600  gal  lone  per  acre. 

Jaauaiy  16,  2  to  8.5  inehei  too  removed,  and  outlet  cloeed  8  a.x.  to  1.50  POi .  to  allow  eaeape  of  air. 
Jaanary  26,  outlet  cloeed  9.10  to  11.10  a.m.,  and  from  2  p.m.  to  8.35  a.x.  January  27.  Janoary  29,  6 
Inebee  lee  remored  and  outlet  cloeed  9  a.x.  to  8.S0  p.x. 


524 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Filter  No.  3B  (IntermiUerU)  —Continued. 


T\  «  ^^            4  ^Mk  M 

Qunttty  of 
Efflaest. 

OAlloniMr 
Acr«  Dally. 

Loss  or  Hbao. 
(Inches.) 

Bacteria  per 

Coble 
Omttmater 
In  Applied 

Water. 

IV  ElTLDKITT. 

DATS  — 1894* 

8  A.K. 

4  r.K. 

1    8  A.K. 

1 

11  AJi. 

2r.M. 

4P.IC. 

FebroAryl,  . 

2,162,400 

12.0 

11.6 

7,900 

151 

146 

114 

106 

«.  .       . 

2,021.800 

16.6 

14.0 

7,800 

266 

278 

Ul 

114 

8,  .       . 

2,019,000 

14.0 

14.0 

4,100 

204 

840 

102 

185 

4,  .       . 

0 

- 

- 

- 

- 

- 

- 

- 

6,  .       , 

1,881,600 

11.8 

18.0 

9,900 

288 

270 

208 

181 

«.  .        . 

1,718,400 

16.6 

18.8 

8,900 

- 

258 

190 

170 

7,  .       . 

1,936,600 

16.0 

16.8 

10,700 

206 

190 

121 

185 

8,  .       . 

2,098,600 

16.0 

14.8 

7,800 

828 

198 

128 

- 

».  .        . 

2,056,600 

18.6 

16.0 

9.600 

247 

246 

100 

107 

10,  .        , 

2.166.600 

14.0 

15.0 

9.900 

806 

280 

116 

128 

11,  .        , 

0 

- 

- 

- 

- 

- 

- 

- 

12,   .        , 

1.086.200 

86.8 

16.8 

12.400      1 

255 

178 

216 

4S7 

IS,   .        . 

1.880,800 

10.0 

S1.8 

6.000 

- 

225 

170 

235 

14,  .        . 

1,729.400 

14.6 

14.0 

6.100 

882 

258 

149 

WT 

16,  .        , 

1,747,400 

13.0 

14.6 

7,600 

271 

218 

125 

138 

18,  .        . 

1,814.200 

14.6 

8.8 

9,100 

266 

219 

166 

1S2 

17.   .       , 

1.608,000 

11.0 

8.8 

7,800 

212 

127 

185 

190 

18,  . 

0 

- 

- 

- 

- 

I 

- 

19.  .        . 

2,086,400 

16.8 

16.0 

10,100 

205 

180 

168 

140 

20,   . 

1,604.000 

16.0 

16.0 

8,400 

t 

8,700 

1      240 

218 

108 

1S2 

21.  . 

1.646,200 

15.0 

16.8 

- 

257 

192 

UD 

22,   . 

1.962,000 

10.8 

17.8 

1        8,600 

158 

160 

185 

1» 

28,  . 

1,784,600 

13.8 

15.8 

6,800 

227 

222 

145 

- 

24.  .        . 

10,000 

- 

- 

6,700 

■ 

- 

- 

sn 

26,   .        . 

468,800 

- 

- 

1 

-     ! 

1 

- 

- 

- 

26,   . 

0 

- 

- 

9,500      ! 

- 

• 

_    1 

- 

27,   .        . 

1,644,400 

10.0 

9.8 

8.800 

1 

100 

60 

55 

50 

28,  .        . 

1,628,400 

12.0 

12.8 

0.400 

1 

120 

1 
1 

180 

-! 

150 

QaaDtlty  of  efBaent  for  month  was  40,781.400  gallons  per  acre. 

February  1,  the  filter  was  not  drained  on  the  night  preceding.  Febniary  24.  tho  filter  was  filled 
from  below  with  city  filtered  water.  Febmary  26. 6  inches  of  ice  removed ;  1  ia  2Jb  inches  of  frosi  la 
sand;  filled  with  dty-filtered  water  from  below  (rate,  1,160.000  gallons  per  aere  daily)  and  allowed  to 
stand  OTer  night.    Febmary  27.  rate  redaced  from  10  to  8  gallons  per  minnte. 
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Filter  No.  8  A  (CWtMnttoiM)— Continued. 


I\  •  MB        '«  «i^  m 

Quntttyof 
Bfflnent. 

Gallons  per 
Acr«  Dally. 

LoM  or  Hkad. 

(INCHSS.) 

Bacteria  per 

Coblo 
Centimeter 
in  Applied 

Water. 

Baotbua  rsm  Cdbio  Cbhtucbtib 

in  EVVLUBHT. 

DATS  — 18V4a 

8  a.m. 

4p.x. 

8a.k. 

11  A.M. 

2  P.M. 

4pjc. 

2,010.000 

9.0 

9.6 

7.900 

42 

28 

82 

62 

2,  . 

2.018.000 

10.5 

12.0 

7.800 

45 

46 

87 

68 

a,.     . 

2.018.000 

14.0 

15.0 

4.100 

52 

60 

40 

50 

4.  .      . 

2.018.000 

- 

- 

- 

- 

- 

- 

- 

ft.. 

2.000.000 

21.0 

22.8 

9,900 

71 

60 

60 

67 

6,.        . 

1,722.000 

11.6 

17.8 

8.900 

58 

60 

40 

38 

7,.        . 

2.018,000 

20.8 

24.0 

10.700 

48 

60 

46 

60 

8..        . 

2.018.000 

27.8 

88.5 

7.800 

81 

80 

89 

34 

••.        . 

1,704,400 

48.8 

50.0 

9.500 

28 

24 

27 

24 

10,.        . 

1,828,200 

78.0 

40.0 

9.800 

102 

- 

- 

20 

11,.        , 

1.328.200 

- 

- 

- 

- 

- 

- 

- 

12,.        . 

1,519.000 

78.0 

18.0 

12.400 

228 

- 

152 

119 

IS,  .        . 

2,058.000 

12.5 

18.0 

8,000 

110 

104 

91 

116 

14,.        . 

2.009.000 

18.0 

18.5 

8.100 

92 

108 

106 

76 

W,  .        . 

1.728.000 

14.8 

18.0 

7.500 

88 

66 

86 

119 

16,.        , 

1,045.400 

22.0 

25.0 

0.100 

61 

80 

104 

108 

17,.        , 

1.000.000 

81.5 

87.0 

7.800 

95 

04 

114 

116 

18..       , 

290.000 

- 

- 

- 

- 

- 

•» 

- 

10,  .        . 

0 

73.0 

- 

10.100 

96 

- 

- 

- 

20.  .        , 

1.848.000 

19.0 

88.0 

8.400 

49 

80 

96 

09 

n, .     , 

151.200 

81.0 

- 

8.700 

221 

- 

- 

- 

22..        . 

2.000.000 

11.8 

10.8 

8.800 

186 

161 

117 

88 

2S,.        . 

2.018,000 

11.0 

11.0 

8.800 

91 

97 

76 

60 

24..       , 

788.000 

8.5 

9.0 

8,700 

96 

98 

04 

97 

26.. 

458.800 

- 

- 

- 

- 

- 

- 

- 

28..       , 

0 

- 

- 

9.500 

- 

- 

- 

- 

27,.        , 

1.847.000 

10.0 

8.0 

8.800 

87 

58 

114 

88 

28..        . 

1.440.000 

8.5 

8.5 

8.400 

48 

46 

60 

51 

Quantity  of  efflaeot  for  month  wai  40.765,200  gaUooa  per  acre. 

Febmary  6,  Inlet  pipe  frozen  and  anrface  nooovered.  Febmary  10.  ice  4  inches  thick  broken  along 
the  aides  and  outlet  closed  7.55  a.m .  to  8^  p.x.  February  12.  ice  8  to  6.6  inches  thick  remoTsd  and  out- 
let dosed  8  A.X.  to  1^  P.X.  Febroary  19.  Ice  4  inches  thick  broken  along  the  aides  and  outlet  closed 
ft.30  A.X.  to  February  20, 8  am.  February  21,  2  to  6  inches  ice  remoTed  and  surface  scraped.  After 
filBag ,  filter  was  allowed  to  stand  with  outlet  dosed  from  9  p.x.  till  8  a.x.  the  next  morning.  February 
M.  liilet  ^pe  froxen  and  surface  unooTcred.  February  15.  filter  allowed  to  drain.  February  26.  filled 
with  dty  filtered  water  from  below  and  allowed  to  stand  over  night  with  outlet  closed.  February  27, 
rate  reduced  from  7  to  6  gallons  per  minute. 
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FiUer  No.  3  B  (ItUermUtent)  —  Continued. 


Quantity  of 
Efflneot. 

OaUoni  per 
Acre  Dally. 

Loss  ov  Hbad. 

(IMCHXS.) 

1 
Bacteria  per 

Cubic 

Centimeter 

in  Applied 

Water. 

Bactbbia  psm  Cubic  CnroiRiB 
ur  Efflubst. 

DATS  —  kBIHI. 

8  A.M. 

4  P.X. 

8  A.K. 

UA.M. 

2  P.X. 

4PJI. 

March  1, 

1,828,200 

11.6 

18.0 

7,300 

186 

174 

128 

180 

2. 

1,786,200 

12.6 

12.6 

0,800 

114 

191 

178 

lie 

8, 

1,708,000 

10.0 

11.8 

6,900 

288 

119 

91 

188 

4* 

0 

- 

- 

- 

- 

- 

- 

- 

*. 

2,272,000 

13.6 

12.6 

7.000 

84 

62 

82 

61 

e, 

1,787,600 

13.8 

12.0 

11,800 

107 

101 

87 

•TT 

7. 

1,747,400 

0.6 

11.8 

18,600 

860 

190 

116 

1» 

8. 

1,806,600 

12.6 

U.6 

18,400 

266 

262 

16S 

110 

». 

1,708,600 

12.0 

14.0 

13,000 

281 

840 

246 

141 

10. 

1,660,200 

12.0 

18.8 

12,800 

887 

290 

166 

UO 

n. 

0 

- 

- 

- 

- 

- 

- 

- 

w. 

1,088,000 

13.6 

14.8 

10.900 

80 

66 

84 

18S 

18. 

1,800,800 

18.0 

18.6 

9,800 

286 

221 

217 

102 

1*. 

1,827,400 

10.6 

13.8 

8,600 

267 

196 

186 

61 

15, 

1,726,600 

11.0 

14.0 

7,800 

220 

190 

188 

180 

le, 

1,886,000 

10.6 

18.8 

6,800 

167 

161 

IIT 

06 

IT. 

400,000 

18.6 

- 

6,000 

160 

- 

- 

- 

18. 

0 

- 

- 

- 

- 

- 

- 

- 

M. 

1,736,200 

10.0 

9.0 

6,200 

29 

41 

68 

80 

20. 

1,704,000 

10.6 

10.8 

4,100 

144 

190 

114 

80 

21. 

1,666,400 

9.6 

11.6 

8,900 

130 

186 

80 

lis 

22. 

1,770,200 

11.0 

11.6 

4.000 

- 

107 

87 

76 

28. 

1,608,400 

0.6 

18.6 

4,900 

140 

UO 

42 

106 

24. 

1,626,600 

10.8 

11.6 

8,600 

100 

168 

90 

60 

26. 

0 

- 

- 

- 

- 

- 

28. 

1,767,200 

11.6 

12.0 

4,900 

78 

81 

80 

06 

27. 

1,876,000 

- 

- 

8,500 

280 

196 

98 

Ul 

28. 

1,888,000 

10.8 

11.8 

2,100 

206 

166 

95 

75 

20.        . 

1,640,600 

18.0 

14.0 

8,600 

167 

114 

76 

56 

80.        . 

1,617.600 

12.8 

12.8 

8,600 

808 

162 

126 

175 

81,       . 

1,640,000 

U.O 

1 

11.6 

10,200 

890 

242 

210 

lis 

Qaantity  of  effluent  for  month  -waa  46,900,400  gallons  per  acre. 

March  4  and  11,  filter  filled  with  city  filtered  water  from  below  and  allowed  to  atand  over  nlsht. 
March  17,  surface  scraped  and  new  sand  added  to  ridge  the  surface  similar  to  that  of  the  Lawrsnee 
city  filter;  the  sand  at  the  sides  at  right  angles  to  the  wooden  conduit  was  made  6  inches  deeper  than  tfl 
the  middle,  towards  which  it  was  graded.  The  filter  waa  filled  from  below  with  otty  filtered  water  oa 
the  night  of  March  18.  The  filter  was  filled  as  usual,  from  the  top,  on  March  26,  and  allowed  to  stand 
oyer  night  with  the  outlet  closed. 
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Fitter  No.  8  A  (OonUnuous)  —  Gontinnad. 


^PV  A  ^^^               V. 

Qnuitllyof 
Bfflneot 

a«llontp«r 
Acre  Daily. 

LOM  ov  Hkad. 

(IXCBBt.) 

r 

Bact«rta|Mr 

Cable 
C«ottni«ter 
te  Applied 

Water. 

Baotbua  pu  Cubic  CsHTDCSTm 
a  ErwLvmgj. 

Datb— lw«« 

8  AM, 

4r.K. 

B  AM. 

11  A.X. 

8  P.1L 

4  P  Ji. 

U*reh  1, 

1,445,000 

6.6 

7,800 

88 

68 

40 

48 

a. 

1.440,000 

0.6 

0,800 

88 

81 

60 

61 

«,       . 

1,880,000 

6.6 

6,000 

61 

42 

60 

68 

4.       . 

600,000 

- 

- 

- 

- 

- 

- 

6.        . 

1^0,000 

7.6 

7,000 

- 

74 

40 

80 

e.     . 

1.440,000 

8.0 

11,800 

66 

86 

74 

70 

T,       . 

1,448/N)0 

7.8 

18,600 

74 

00 

80 

08 

s. 

1,446,000 

7.0 

18,400 

78 

76 

70 

78 

»,       . 

1,426,000 

7.0 

18,000 

87 

110 

88 

07 

10,        . 

1,800,000 

6.6 

12.800 

08 

87 

64 

06 

11.    . 

064,000 

- 

- 

- 

- 

- 

- 

12, 

1,240,000 

7.6 

10,000 

- 

68 

44 

66 

u.     . 

1,440,000 

8.0 

0,800 

07 

80 

01 

02 

14. 

1,440,000 

7.8 

8,000 

80 

87 

06 

08 

15. 

1,440,000 

8.8 

7,800 

78 

77 

70 

78 

le. 

1,440,000 

8.6 

6,800 

87 

08 

76 

67 

17, 

064,800 

8.0 

- 

6.000 

60 

- 

- 

at 

i«. 

0 

- 

- 

- 

- 

- 

- 

- 

i». 

1,246,000 

7.8 

T«U 

6,200 

- 

64 

60 

40 

», 

1,806,000 

7.8 

(  cO 

4,100 

102 

00 

106 

08 

«i. 

1,440,000 

7.6 

1*0 

8,900 

76 

40 

02 

06 

«, 

1,440,000 

6.6 

0*0 

4,000 

70 

78 

60 

74 

a. 

1,440,000 

6.6 

0*0 

4,000 

86 

78 

81 

00 

24,       . 

1,447,600 

6.6 

v»0 

8,000 

66 

83 

01 

01 

w.      . 

1,447,600 

- 

- 

- 

- 

- 

- 

at 

».      . 

1,466,000 

7.0 

0«w 

4,000 

60 

46 

40 

41 

2T,        , 

1,410,000 

- 

- 

8,600 

66 

64 

66 

64 

». 

1,440,000 

6.6 

0"0 

2,100 

24 

26 

10 

20 

2».        . 

1,440,000 

6.6 

0*0 

8,000 

82 

84 

41 

80 

80, 

1,440,000 

7.6 

w«  0 

8,000 

78 

88 

08 

00 

81, 

1,440,000 

8.0 

8.0 

10,200 

06 

100 

100 

116 

QoAnttiy  of  effloent  for  month  wae  80,006,200  gaUona  per  aore. 

The  filter  waa  allowed  to  drain  March  4, 11  and  17 ;  and  waa  flUed  with  oiky  Altered  water  from 
below  ICareh  6, 12  and  10,  and  put  In  operation  in  the  naual  manner  as  aoon  aa  the  aarfaee  waa  cohered. 
The  aorfnoe  waa  eeraped  on  ICareh  17. 
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Filter  No.  3  B  (ItUermiUerU)  ~  Concladed. 


DATK-18M. 


April  1, 
2, 
8, 
4. 
6. 
«. 
7. 
8, 

10. 

11. 
12. 
13, 
M, 
16. 
18. 
IT. 
18. 

M. 

20, 

21. 
22, 
28, 
24, 
25, 
20, 
27. 
28. 
29. 
80. 


Quantity  of 
Efflaoit. 

OftUontper 
▲ere  Dally. 


0 
l,ni,200 
1,635.000 
1.500,000 
1.827.400 
1.708,800 
1.688,000 

0 
1,708,600 
1.043,200 
1.072,000 
1,084.800 
1.000.000 
1,067,000 

0 
1.703,000 
1,004,800 
1,007.000 
1,062.800 
1,700,200 
1.723.000 

0 
848,000 
1,795,200 
1,520,000 
882,000 
1.793,000 
1.708,000 

0 
1,758,800 


Loss  OF  Ubao. 
(Inches.) 


8  A.M. 


4  P.M. 


Bsctsris  per 

Coble 

Centimeter 

In  Applied 

Water. 


11.0 
11.8 
11.6 
10.5 
12.0 
11.0 

10.8 
11.8 
18.0 
11.0 
13.0 
10.8 

0.8 
10.0 
11.0 
12.0 
11.0 
11.0 

11.0 
10.6 
12.6 
15.8 
11.0 
12.8 

10.8 


11.3 
11.8 
12.0 
12.8 
12.8 
11.8 

11.8 
18.0 
18.8 
14.0 
14.3 
16.0 

11.8 
11.8 
12.5 
12.8 
12.0 
12.5 

11.8 
12.0 
14.0 
16.5 
12.0 
14.0 

11.5 


Bactbua  pkb  Cubic  CsimxBTn 
XV  Effldbxt. 


0.400 

6,000 
10.900 
18.000 

9.400 
12,800 

14.700 
14.600 
18.800 
20.700 
20.000 
19.600 

20.000 
8.800 
11,000 
12.000 
15.100 
28,200 

9,800 
4,400 
14,000 
0,700 
6,600 

6,400 

I 

3,700      I 


8  A.M. 

11  AM. 

2  P  Jf . 

4r.x. 

— 

.' 

- 

- 

188 

142 

06 

74 

226 

888 

172 

118 

800 

270 

190 

31 

128 

148 

87 

76 

186 

142 

n 

70 

245 

200 

96 

104 

112 

107 

90 

84 

249 

208 

108 

114 

150 

160 

112 

1€6 

127 

180 

112 

n 

95 

178 

02 

TO 

186 

ISO 

102 

88 

- 

- 

- 

- 

80 

00 

47 

82 

110 

75 

66 

88 

00 

54 

26 

85 

106 

101 

88 

n 

92 

88 

80 

m 

114 

TO 

82 

»T 

- 

- 

- 

- 

285 

140 

06 

07 

90 

110 

06 

06 

174 

100 

lOS 

68 

140 

112 

110 

47 

100 

82 

70 

40 

124 

69 

45 

89 

- 

- 

- 

- 

178 

100 

78 

76 

Qnaatlty  of  effluent  for  month  was  40,920.400  gallons  per  acre. 

The  filter  was  filled  from  the  top  In  the  usnal  way  on  April  1.  8, 15.  22  and  29,  and  allowed  to  itsnd 
over  night  with  the  outlet  oloaed.  The  outlet  was  closed  and  the  surface  remained  eovwred  on  the  nigbt 
of  April  28. 
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FiUer  No.  8  A  {Oontinuoiu)  —  Concladed. 


TN  .  »^           1 

Qnantlty  of 
£flloeDt. 

Oalloniper 
Acre  Dally. 

Loas  or  Hbad. 
(IircHBa.) 

Bacteria  per 

,      Cubic 
Centimeter 
In  Applied 
Water. 

Bactbua  pbr  Cubic  Cbxtixbtbb 

IK  EriLUBMT. 

i/ATK  "  a  WW* 

1  8  a.m. 

1 

1 

4  P.M. 

8a.k. 

Ua.k. 

2P.X. 

4  P.M. 

April  1, 

1,440,000 

- 

1 

- 

- 

- 

- 

2. 

1,440,000 

7.8 

0.0 

0,400 

70 

02 

68 

06 

3, 

1,440,000 

7.8 

8.0 

6,600 

64 

42 

83 

58 

4. 

1,440,000 

1      7.8 

8.6 

!        16,000 

40 

68 

68 

74 

6. 

1,440,000 

8.6 

0.6 

18,600 

46 

48 

46 

41 

ft, 

1,440,000 

7.8 

8.8 

'          0,400 

41 

46 

88 

44 

7, 

1,440,000 

8.8 

0.0 

12,800 

88 

80 

48 

64 

«. 

1,440,000 

- 

- 

- 

- 

- 

- 

- 

», 

1,440,000 

10.6 

11.8 

14.700 

1 

88 

36 

41 

88 

10. 

1,440,000 

11.6 

11.6 

14,600 

88 

60 

88 

40 

11, 

1,440,000 

12.6 

18.0 

18,800 

88 

81 

27 

26 

12, 

1,440,000 

14.0 

14.0 

20,700 

17 

24 

80 

24 

18, 

1,440,000 

14.6 

14.8 

20,600 

80 

82 

24 

80 

M. 

1,440,000 

16.0 

14.8 

10,600 

87 

40 

46 

26 

16, 

1,440,000 

- 

- 

- 

- 

- 

- 

- 

16, 

1,440,000 

16.8 

1 

16.6 

20.000 

80 

80 

40 

40 

17. 

1,440,000 

16.0 

17.0 

8,800 

86 

28 

28 

30 

18, 

1,440,000 

17.6 

10.6 

11,600 

18 

21 

18 

24 

M, 

1,440,000 

22.0 

27.8 

12,000 

80 

82 

28 

28 

20. 

1.848,300 

84.8 

41.0 

16,100 

28 

28 

20 

81 

21, 

1,670,100 

40.0 

60.0 

28,200 

27 

21 

28 

28 

22, 

600,000 

- 

- 

- 

- 

- 

- 

2» 

23, 

270,200 

- 

- 

0,800 

26 

- 

- 

- 

24. 

1,440,000 

6.0 

6.0 

4,400 

61 

62 

62 

40 

26, 

1,440,000 

6.0 

6.0 

14,000 

60 

48 

66 

60 

26, 

1,440,000 

6.0 

6.0    1 

6,700 

47 

86 

81 

88 

27, 

1,440,000 

6.0 

6.0 

!          6.W0 

63 

48 

26 

40 

28, 

1,440,000 

6.0 

6.0 

6,400 

60 

47 

64 

68 

2», 

1,440,000 

- 

- 

1 

- 

- 

- 

», 

1,440,000 

4.6 

4.6 

1          8,700 

41 

1 

42 

67 

61 

Quantity  of  effluent  for  month  waa  41,141,600  gallona  p«r  acre. 
The  anrfaee  waa  tcraped  on  April  28. 
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Lawrence  Cirr  Filter. 

This  filter  was  first  put  in  use  Sept.  20,  1893.  The  constrnction 
and  operation  of  the  filter  are  fully  described  in  an  article  beyond  bj 
its  designer,  Mr.  Hiram  F.  Mills,  A.M.,  C.E.,  chairman  of  the 
committee  on  water  supply  and  sewerage  of  the  State  Board  of 
Health.  Briefly,  it  is  2.5  acres  in  area ;  the  underdrains  condact 
the  effluent  to  a  collecting  conduit  and  thence  to  the  pump  well. 
The  nominal  capacity  of  the  pumps  is  5,000,000  gallons  in  24  hours, 
and  when  pumping  at  this  rate  water  passes  through  the  filter  at  a  rate 
of  2,000,000  gallons  per  acre  in  24  hours.  The  average  daily  con- 
sumption is  a  little  over  3,000,000  gallons,  and  the  pumps  work  on 
an  average  about  16  hours ;  under  ordinary  circumstances,  the  sur- 
face of  the  filter  is  uncovered  and  the  sand  drained  about  8  hours 
daily.  The  effluent  is  pumped  to  the  open  distributing  reservoir, 
which  is  25  feet  deep  at  the  high-water  mark  and  has  a  capacity  of 
40,000,000  gallons. 

Very  frequent  analyses,  both  chemical  and  bacterial,  have  been 
made  of  the  Merrimack  River  water  before  and  after  its  passage 
through  the  filter,  as  it  leaves  the  reservoir,  and  from  taps  at  the 
City  Hall  and  Experiment  Station,  which  are  distant  about  1.5  and 
2.5  miles,  respectively,  from  the  reservoir.  A  summary  of  the 
results  of  these  analyses  is  presented  below. 

Monthly  Averages  of  the  Analyses  of  the  Merrimack  River  Water  as  U  flows  on 

to  the  Lawrence  Oily  Filter, 

[PftrU  per  100,000.] 


Temperatnre. 

Degrees  F. 

1 

AXMOVXA. 

4 

KlTBOQBV 

AS 

a 

Per  Cent  of  DIs- 
lolretf  Oxygen. 

n 

Ouble 

MOITTU. 

1 

ALBUmirOZD. 

• 

1 

1 

If 
1^ 

1 

1 

ims. 

Septembari 

65 

.80 

.0118 

.0168 

- 

.22 

.0120 

.0008 

.42 

80 

- 

iJJSfiO 

Ootober,  . 

57 

.27 

.0118 

.0206 

- 

.25 

.0120 

.0004 

.28 

86 

«• 

n^ 

Noyember, 

42 

.45 

.0009 

.0212 

- 

.19 

.0170 

.0006 

.47 

08 

- 

10,800 

December, 

M 

.44 

.0060 

.0181 

.0150 

.20 

.0140 

.0001 

.60 

97 

- 

MOO 

1894. 

• 

1 

Janiwry,  . 

82 

.43 

.0076 

.0186 

.0187 

.20 

.0140 

.0001 

.48 

88 

1.6 

T.TOO 

Febniary, 

82 

.39 

.0067 

.0182 

.0162 

.21 

.0190 

.0001 

.48 

98 

1.6 

7,000 

March, 

87 

.48 

.0026 

.0168 

.0148 

.18 

.0110 

.0000 

.46 

100 

1.0 

OiSOO 

April,       •       •       . 

- 

.42 

.0029 

.0157 

.0147 

.16 

.0110 

.0000 

.40 

96 

1.8 

11,200 

For  Additional  ftnalyeee  und  DOtee  with  regard  to  turbidity  and  odor  eoe  page  188. 
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Monthly  Averaget  of  Analytes  of  Effluent  from  the  OUy  Fitter. 

[PurU  per  100,000.] 


Quantity 
oiBfllaeBC. 

OaUoni 

per  Acre 

Dally. 

• 

Ammokxa. 

1 

NxTBoasv 

Aa 

a 
* 

1 

1 

Coble  1 

MORIL 

1 

ALBVMXXOID. 

i 

as 

1 

1 

■ 

1 
1 

18M. 

8«ptember,  . 

M80,MO 

00 

.28 

.0072 

.0108 

- 

.28 

.0200 

.0028 

.22 

- 

6,860 

October, 

1,129,800 

68 

.2ft 

.0079 

.0113 

- 

.2ft 

.OSftO 

.0008 

.10 

- 

1,216 

NoTember,    . 

1,105,200 

42 

.87 

.0102 

.0108 

«■ 

.22 

.0840 

.0004 

.88 

- 

161 

December,    • 

1,160,800 

8ft 

.88 

.0077 

.0118 

.0112 

.20 

.0410 

.0008 

.84 

111 

19M. 

I 

Jannaiy, 

1,227,000 

84 

.84 

.0071 

.0106 

.0102 

.20 

.0870 

.0002 

.81 

8.0 

129 

February,     . 

1,218,800 

8ft 

.84 

.0090 

.0090 

.009ft 

.21 

'.0460 

.0001 

.20 

2.0 

244 

Harah, 

1,137,200 

89 

.40 

.0121 

.0098 

.008ft 

.18 

.04«0 

.0008 

.26 

8.3 

4ftft 

April,    . 

090,100 

- 

.88 

.0078 

.0097 

.0093 

.21 

1 

.0870 

.0000 

.81 

2.7 

281 

*  The  bacterial  aamplea  In  thla  aet  of  tablea  oorreapond  aa  to  time  of  ooUeotion  to  the  chemleal 
•amplea.    The  reanlta  of  dally  baeterlal  analyaea  are  given  In  the  tablea  beyond. 


Monthly  Averages  of  Analyses  of  Waier  Jrom  the  Outlet  of  the  Distributing 

Beservoir. 

[ParU  per  100,000.] 


MOMTH. 


1S9S. 

September,  . 

October, 
NoTember,    . 
December,    . 

January, 
February,     . 
Uareh, . 
April,    . 


s 

a 


66 

ftO 
44 

86 

8ft 
84 
88 


8 


.32 
.26 
.88 
.8ft 

.86 
.84 
.86 
.86 


Ammomia. 


AI.BUMIMOID. 

1 

• 

1 

1 

1 

.0077 

.0139 

.0081 

.0144 

.0084 

.0126 

.OOftft 

.0128 

.00ft4 

.0116 

.OOftft 

.0104 

.0060 

.0007 

.0082 

.0098 

.0116 

.0104 
.0101 
.0092 
.0088 


I 


.22 
.2ft 
.22 
.20 

.20 
.21 
.20 
.19 


KrrsooBK  Ai 


• 


.0180 
.02ft0 
.02ft0 
.0800 

.0820 
.0410 
.02ft0 
.0200 


I 


.0006 
.0004 
.0000 
.0001 

.0000 
.0000 
.0000 
.0000 


I 

a 

I 

o 


.26 
.21 
.32 
.86 

.83 
.80 
.27 
.27 


a 

I 


2.7 
2.7 
2.6 
2.6 


I 


ftft6 

178 

94 

142 

88 
188 
179 
187 
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Monthly  Averages  of  Analytes  of  Water  from  a  Tap  at  the  Lawrence  City  Hatt, 

[Parte  per  100,000.] 


Temperature. 
Degrees  F. 

• 

i 

Ammonia. 

i 

1 

NiTBoaav  am 

Oxygen 

Consomed. 

* 

S| 

MOXTH. 

1 

• 

■s 

1 

< 

Nitrates. 

1 

9i 

32 

1S98. 

Baptember, 

64 

.80 

.0086 

.0140 

.22 

.0290 

.0008 

.25 

- 

313 

Octobar,  . 

69 

.26 

.0026 

.0186 

.24 

.0200 

.0001 

.20 

- 

IS2 

Noyamber» 

61 

.81 

.0082 

.0120 

.22 

.0290 

.0000 

.29 

- 

» 

December, 

42 

.84 

.0099 

.0103 

1 

.20 

.0800 

.0001 

.84 

- 

86 

1S94. 

Janaary, . 

88 

.85 

.0066 

.0117 

.   .20 

.0860 

.0000 

.32 

2.7 

51 

Febmary, 

88 

.83 

.0048 

.0106 

.21 

.0400 

.0000 

.80 

2.0 

102 

March,     . 

89 

.36 

.0048 

.0107 

.19 

.0800 

.0000 

.27 

2.6 

93 

April, 

.38 

.0081 

.0101 

.19 

.0300 

.0000 

.27 

2.4 

100 

Monthly  Averages  of  Analyses  of  Water  from  a  Tap  at  the  Lawrence  Expermenl 

Station, 

[Parte  per  100,000.] 


Temperature. 
Degrees  F. 

Color. 

Ammonia. 

• 

s 

1 

g 

NrrxooBN  as 

Oxygen 

Consumed. 

Per  Cent  or  Dis- 
solved Oxygen. 

1 

S| 

Month. 

« 

Albuminoid. 

Nitrates. 

1 

is 

Jo 

ft- 

1S98. 

i 

September,  . 

68 

.26 

.0016 

.0136 

.22 

.0800 

.0002 

.23 

64 

- 

213 

October, 

69 

.24 

.0021 

.0121 

.24 

.0270 

.0000 

.20 

79 

- 

140 

November,    . 

61 

.30 

.0020 

.0108 

.22 

.0310 

.0000 

.29 

89 

- 

77 

December,    . 

42 

.34 

.0026 

.0106 

.20 

.0340 

.0000 

.84 

04 

" 

78 

1894. 

January, 

39 

.36 

.0027 

.0100 

.20 

.0870 

.0000 

.82 

96 

2.5 

50 

February,     . 

88 

.82 

.0036 

.0098 

.21 

.0410 

.0000 

.81 

83 

2.9 

84 

March,  . 

89 

.84 

.0038 

.0096 

.23 

.0480 

.0000 

.17 

80 

1 
2.5 

ISO 

April,    . 

46 

.38 

.0028 

.0096 

.19 

.0840 

.0000 

.27 

87 

2.4 

80 
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Monihly  Averages  oj  Daily  Bacterial  Results  from  the  Lawrence  City  Water, 


Moami. 


Bactbua  fkb  Cubic  Cbhtimbtkb  im  Watbb  fbom 


Rhrer. 


EiBucnt 
at  Filter. 


Be«ervolr 
Oatlei. 


CltT  HbU 
Tap. 


Bxpeiimuit 
SUtion  Tap. 


October,  . 
NoTtmber, 
Deeember, 


January,  • 
February, 
Mareb,     . 
April,       . 


19M. 


ISM. 


AveragM, 

Arerage  per  eent.  of  number  removed. 

Average  per  cent,  of  number  of  river  baoterift 
remaining  in  water, 


20,000 
7.500 
0.800 


7.800 

8,200 

8.000 

14.700 


10.000 


558 
245 
200 


140 
250 
222 
282 


264 
07.58 

2.42 


146 
117 
152 


80 
180 
220 
127 


180 
08.78 

1.27 


127 
68 
02 


56 

88 

115 

80 


00 
00.17 

0.88 


186 
71 
72 


68 
63 
04 

78 


82 
00.25 

0.76 


Id  the  table  above  all  results  are  iocluded  in  the  averages.  Some 
of  these  results  were  obtained  under  abnormal  conditions,  and  in  the 
table  below  are  presented  averages  from  which  are  excluded  the 
results  from  October  1  to  17,  which  were  obtained  before  the  filter 
arrived  at  its  normal  efficiency  ;  those  of  November  27,  28  and  De- 
cember 4,  when  high  numbers  were  present  in  the  efBuent,  which 
were  doubtless  caused  by  lowering  the  suction  pipe  in  the  pump  well 
and  thereby  disturbing  the  sediment  which  had  collected  there  before 
the  filter  was  put  in  use ;  and  the  results  from  February  20  to  March 
12  when  the  water  passed  through  a  very  limited  area  of  the  filter. 


Monthly  Averages  of  Bacterial  Results  showing  the  Normal  Efficiency  of  the  LaW" 

rence  City  Filter, 


MOHTH. 


Bactbbia  fbb  Cubic  Cbwtixbteb 
XH  Watbb  fbox 


River. 


19M. 

October 

November,       .... 
Deeamber 

ISM. 

Jaooary. 

Febrnary,         .... 

March 

AprU 


8,700 
7,200 
0,700 


7.300 

8,000 

7,100 

14,700 


0,000 


Efflaent  at 
Filter. 


180 
177 
141 


140 
125 
100 
282 


150 


Per  Cent. 

of  Number 

of  RlTer  Bacteria 

whlcb 

appeared  In  the 

Efflaent. 


1.50 
2.46 
1.45 


1.02 
1.56 
1.41 
1.58 


1.67 
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These  results  show  that  during  this  period  the  normal  efficiency  of 
this  filter  in  the  removal  of  bacteria  was  98.33  per  cent,  of  the  num- 
ber applied. 

In  the  next  table  are  given  the  results  of  the  bacterial  examination 
of  series  of  samples  of  the  effluent  of  the  city  filter  taken  at  different 
hours  during  the  day.  The  pumps  were  started  between  7  and  7.30 
A.M.  All  things  taken  into  consideration,  the  results  are  quite 
uniform  under  ordinary  circumstances.  Both  the  bacterial  and  the 
chemical  analyses  indicate  that  some  ground  water  at  times  is  mixed 
with  the  effluent. 


Tabu  showing  the  Number  of  Bacteria  per  Cubic  Centimeter  at  Different  Hours  in 

the  Effluent  of  the  Lawrence  City  Filter, 


Bac- 
teria In 

River 
Water. 

Baotbiia  ih  Epflitbiit. 

DAn-lSI»4. 

7A.1C. 

74» 

A.1C 

8  a.m. 

9a.x. 

IOajc. 

llAJI. 

ISK. 

1p.m. 

9  p.m. 

8PJC. 

4  p.m. 

Jan.      8,     . 
Jan.     15,     . 
Jan.     16,     . 
Jan.     80,     . 
Fab.       5,     . 
Feb.     12,     . 
Feb.     10,     . 
Feb.     26,     . 
March  12,     . 
March  10,     . 
March  26,     . 
April     2,     . 
April     0,     . 
April   16,     . 
April  28,     . 
April  30,     . 

8,700 

0,300 

7,500 

8,700 

7,800 

11,000 

11.000 

0.300 

0,200 

4,400 

4,500 

11,800 

21,400 

81,700 

13,000 

5,000 

118 

1(» 
1^ 
1» 

764 

352 

07 

280 
178 

148 

81 
102 

85 

75 
140 
105 
652 
384 
Lost. 

86 

826 

64 

115 

116 

02 
106 
128 
72 
75 
114 
161 
688 

07 

185 

110 

145 

01 

102 

74 

100 

78 

88 

63 

148 

640 

356 

04 

88 

686 

164 

75 

281 

75 

85 
108 
245 
100 
117 

77 
180 
778 
885 

02 

86 
251 
188 
135 
104 

04 

125 
108 
244 
118 
107 

00 
188 
685 
800 

04 

73 
272 
212 

80 
157 

80 

136 

810 

280 

138 

148 

186 

578» 

648 

888 

87 

02 
210 
200 
100 
178 
108 

188 

166 

240 

168 

188 

ISO 

448 

546 

882 

80 

88 

221 

184 

82 

184 
140 
281 
147 
178 
186 
400 
470 
750 

«3 
Loet. 
205 
100 
106 
181 

80 

140 
182 
101 
111 
184 
175 
484 

740 
00 
OS 

168 

188 
00 

151 
75 

LoA. 

IM 

162 

97 

21T 

144 

4(4 

844 

018 

03 

U 

ISO 

m 

240 
180 

*  Began  to  acrape. 


The  following  table  shows  the  number  of  bacteria  in  the  river 
water  before  and  after  its  passage  through  the  filter  during  the  first 
ten  days  of  its  use  :  — 


Date— 1898. 


Bactsua  pbb  Cubic  Cbvtimbtbb. 


River  Water. 


September  20, 
22, 
23, 
25. 
26, 
27, 
28. 
20, 
80, 


8,200 
20,300 
10,000 
17,000 

6,400 

22,000 

44,800 

03,000 

108,000 


EfflnentcfQiT 


8,600 
18,500 
U,700 
8,500 
8,000 
6,600 
4,100 
2.600 
8,000 
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Daily  Bacterial  Eemlts,  Lawrence  City  Water, 

[Biiotorla  per  eublo  centimeter.] 


October  1, 
3, 
8, 
4. 
6. 
6. 
7, 
8, 
0. 
10, 
U, 

12. 
18, 

!*• 
15, 

16. 

18. 
M. 
», 

il. 

a, 

34. 
». 

3T, 
28, 
29. 

ao. 

81. 


DATB-18M. 


In  RlTer 
Water. 


84,800 

700 

80,000 

1,500 

22,100 

2,200 

16,600 

1,000 

10,800 

240 

88,000 

800 

9,500 

728 

24,000 

080 

48,800 

1,020 

55,200 

880 

44,400 

448 

00,000 

265 

4.000 


I«  FiLTBMSD  WATU  FBOM 


niter. 


12,500 

810 

10,500 

228 

9,200 

110 

5,500 

180 

6,200 

82 

2,500 

126 

4,800 

100 

28,000 

131 

18,000 

160 

5,000 

110 

6,100 

65 

Beserrolr 
OnUet 


Taoet 
CityHalL 


Tap  at 

Experiment 

SUtlon. 


143 


870 
408 
252 
285 
156 
148 

102 
108 
115 
128 
145 
120 


112 
100 
106 
102 
70 

97 

n 

110 
112 

90 
126 


84 


290 
240 
818 
145 
120 
184 

150 
119 
108 
122 
128 
100 


126 

100 

80 

80 

02 

68 
89 
100 
08 
76 
90 


76 


250 
880 
806 
276 
110 
96 

122 
65 

101 

110 
85 

110 

102 

121 

146 

07 

80 

90 

117 
180 
180 
104 
122 
100 

95 
85 


Total  quantity  of  efBnent  for  month,  87,566,523  gallons. 

The  aarfaee  was  acraped  about  |  Inch  deep  aa  foUowi:  the  2  lower  beds,  October  14;  the  next  4, 
October  21 ;  the  next  17,  October  28 ;  and  the  remaining  5,  October  81. 
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Daily  Bacterial  Results,  Lawrence  Oily  Water  —  ContiDued. 

[Biieieria  per  cubic  centimeter.] 


datb — ims. 


November  1, 

3. 

6. 
6. 
7. 
8. 
». 
10. 

n. 

12. 
18. 

M. 
M. 
16. 
17. 

18. 

20. 
21, 
22. 
28. 

24. 
26. 
2fl. 
27. 
28, 
29. 


80,    . 


In  BlTer 
Water. 


e,ooo 

8.500 
4,800 

0,800 

4,700 
0,600 
4,400 
4,600 
6,600 
6,000 

6.000 
8.000 
4,700 
6,000 
6,000 
6,400 

12,600 
8,200 
8,200 

16,600 
9,600 
9,800 

9,800 
13,600 
12,800 

6,800 


Filter. 


83 
180 
204 
ISO 

136 
90 


182 


90 


240 
194 

270 


810 
240 
140 

1,008 
420 


IH  FiLTBRBD  WaTBK  FSOM 


Beserrolr 
Outlet. 


Taptt 


ctWi.  i^ssr 


60 
110 
120 

83 

185 
146 

83 


90 

186 
180 


110 
80 

112 
160 

86 

100 

68 

176 
210 


41 
90 
80 
40 

96 
50 
00 


61 

05 
50 


02 
46 

100 
43 

T5 
60 

70 

70 
180 


M 

80 

US 

90 

»4 

ss 

47 
S3 
« 

50 
91 
SS 

33 
94 

6S 
SO 
M 
100 
04 
71 

98 

98 

90 

100 


Total  quantity  of  efflaent  for  month,  82.887,385  gallons. 

Oato  on  inlet  pipe  fixed  November  16  and  16. 

Saetlon  pipe  In  pnmp-well  lowered  November  27. 

The  second  ecraping  of  the  inrfaoe,  about  |  Inch  deep,  was  completed  November  20  and  86. 
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Daihf  Bacterial  SetuUs^  Lawrence  Oity  Water — Ck)ntinuecL 

[BMtorU  per  eabio  oentiBMler.] 


Dati^ISM. 


December  1, 

8, 
4, 

6. 

•• 

7. 

8. 

», 
10. 
11. 
12, 
1*. 
14. 
16. 
16, 

17. 
18, 

M. 
20. 

21, 
22. 


24. 


26. 
28. 
27, 
28. 
2». 


80. 


81,    . 


In  BtTtr 
Water. 


12,300 
16,600 

18,000 
11,700 
11,000 
11,000 
11.100 
10,400 

0,400 
8.600 
0.000 
0.000 
7,400 
10.200 


12,800 
8.000 

11,600 
8.000 
9.100 
8.800 


10.800 
6.800 
6.800 
6.800 
7.800 


Is  FiLTBBBD  WATSB  VK>K 


FOter. 


Oatlec 


840 

S40 
126 
100 


208 

284 

168 
120 


102 


87 


112 


76 


100 


166 


126 


66 


117 


186 


Tepet 
ttjBeO. 


catj 


Tftpat 
Ezperiment 

SUtfcMi. 


100 
78 

180 
128 
140 
110 
70 
76 

00 
84 

128 
80 

110 
90 

80 
68 
60 
74 
68 
88 


86 

78 
74 
74 
00 


88 
70 

78 
78 
61 
88 

76 
68 


78 
72 
78 

a 

78 
« 
70 
112 
60 
6« 
60 
61 


74 
86 
67 
87 
78 


Total  quantity  of  cfflnent  for  month,  90,392,037  gallons. 

The  rarfkoe  remained  oo^ered  after  the  last  eeraplng  nntil  abovt  Deeember  16,  after  which  the  aand 
wu  dndiied  dally  when  the  temperature  waa  24'  F.  or  above. 
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Daily  Baeterial  BeauUa,  Lawrence  City  Water — Continued 

[Baeteila  per  eablo  MntloMtw.] 


InBlrer 
Water. 

IM  FILTUBD  WATXB  FBOM 

Gonflftm 
of  Sorfaoe 

vhen 

PnmpcwcR 

Stopped. 

LMltf 

Httd. 
Feet 

DATB-1M4. 

Filter. 

Raaervolr 
Oattet. 

TApftt 
GttyBAlL 

Tap  at 

ment 
Stetloii. 

Jtrnmrj  1, 

4,600 

- 

- 

- 

80 

Oorered. 

- 

2> 

6,000 

76 

128 

68 

96 

Drained. 

- 

s, 

8,000 

- 

98 

60 

62 

M 

- 

4. 

7,600 

76 

72 

68 

61 

<■ 

- 

^        • 

0,000 

- 

78 

60 

76 

W 

- 

«•        . 

6,600 

106 

- 

66 

04 

Cohered. 

m 

T,       . 

- 

- 

- 

- 

- 

K 

m 

s»      . 

8,700 

123 

08 

46 

n 

M 

• 

». 

6,000 

88 

104 

77 

88 

• 

«« 

• 

10,        . 

7,100 

80 

114 

66 

61 

M 

• 

11.        . 

6,800 

- 

94 

46 

80 

• 

«• 

- 

M, 

7,400 

116 

78 

80 

04 

Drained. 

- 

U,        < 

8,200 

187 

82 

72 

78 

Covered. 

S.1 

li,        . 

- 

- 

- 

- 

- 

<■ 

- 

16.  .     . 

0,800 

102 

00 

71 

84 

•< 

s.« 

M,        , 

7,600 

198 

94 

60 

82 

Drained. 

8.8 

IT.        . 

7,700 

141 

96 

61 

67 

Oorered. 

$.7 

18,        . 

7,400 

260 

96 

71 

88 

Drained. 

S.0 

iw     . 

10,600 

188 

77 

66 

82 

«« 

8.7 

».        . 

6,100 

162 

73 

70 

68 

M 

t.i 

21.        . 

- 

- 

- 

< 

- 

■ 

Crorered. 

- 

22. 

7,600 

168 

61 

68 

46 

■< 

S.9 

28, 

8,000 

102 

66 

80 

77 

Drained. 

8.5 

24* 

6,900 

146 

84 

44 

88 

M 

8.8 

26, 

8,000 

102 

62 

26 

40 

«l 

8.0 

28, 

6,800 

117 

60 

81 

80 

Covered. 

8.8 

27, 

6,000 

131 

74 

40 

42 

«< 

2.8 

28, 

- 

^ 

- 

- 

- 

i« 

- 

28.        . 

9,000 

112 

66 

62 

64 

M 

8.0 

80, 

7,000 

187 

78 

62 

84 

Diained. 

8.0 

81. 

0,800 

208 

74 

66 

88 

u 

8.1 

Total  qaantlty  of  efflaent  for  month,  96,188,269  gallona. 
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Daily  Bacterial  Results^  Lawrence  City  Water — Coiitiiiued« 

[Baoterla  per  onblo  eentimetor.] 


DATS— 1M4. 


Febroary  1, 
2, 
8, 
4, 

«. 
7, 
8, 
9, 

10, 

11. 

12. 

IS, 

14, 
16. 

1«, 
IT. 
18, 

1». 

20. 

21. 

22, 

28. 
24. 
28. 
26. 
27, 
28. 


InRlTar 
Water. 


6.800 
7,700 
5,600 

7,800 
10,200 
9.000 
7.800 
7,500 
7.800 

11.000 
7.100 
7,100 
6.600 
8,100 
7,000 

10.700 
11.200 
0.800 
8.600 
7.000 
0.400 

0.900 
7.100 
6.500 


In  Filtbbbd  Watbb  vbom 


rUter. 


86 

50 

102 

146 
150 
110 

101 
161 

115 
180 
126 
165 
168 


140 
460 
306 

887 
520 

623 
682 
438 


Beterrolr 
Outlet 


Tap  at 
CityHalL 


56 

30 

68 

26 

55 

22 

00 

72 

41 

62 

51 

85 

70 

48 

67 

58 

76 

55 

40 

00 

60 

95 

67 

72 

70 

63 

63 

56 

08 

88 

00 

66 

05 

58 

157 

118 

- 

110 

254 

122 

281 

185 

856 

948 

411 

152 

345 

165 

Tap  at 

Ezperlo 

meat 

Station. 


51 
54 

50 

88 
50 
61 
40 
87 
19 

58 
85 
48 
58 
64 
80 

80 
62 
68 
80 
60 
00 

180 
142 
116 


Condltioii  of 

SorfiMO 

ffhen 

Pnmpsirere 
Stopped. 


Oovered. 
«t 

t« 

<« 

<• 

<i 

Drained. 
«< 

•     II  • 

« 

« 

Cohered. 
II 

II 

ii> 

II 

Drained. 
II 

II 

II 

II 

•I 

Ooyered. 

Drained. 
II 

II 

M 
«• 


Lota  of 
Head. 

Feet 


8.6 
8.6 
8.5 

8.6 
8.8 
8.9 
5.1 
4.6 
4.8 

4.8 
4.4 

4.0 
6.2 
6.0 
7.0 

7.6 
6.8 
7.7 
7.6 
7.4 
6.9 
7.3 
7.0 
7.2 
7.0 


Total  qaantlty  of  effluent  for  month.  85.270,902  gallons. 

On  February  10  there  were  about  2  feet  of  ice  on  the  surface,  and  in  places  on  the  side  opposite  from 
the  main  distributing  eondnit  it  was  frozen  to  the  sand;  considerable  air  was  in  the  pores  of  the  sand. 
During  the  next  10  days  a  strip  about  6  feet  in  width  was  scraped  along  each  lateral  conduit  for  about 
two-thirds  the  width  of  the  filter. 
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DaUy  Bacterial  Betutti,  Lawrenot  City  Water  —  Continaed. 

[BaotwU  par  oaUe  eaiMiiMUr.] 


InBlTtr 
Wiitar. 

Oonditioa 

of  8lUftC8 

wbcn 

PmnpflWOTe 

StoppwI. 

Datb-ISM. 

Filter. 

BMerrolr 
Oatlet. 

Tkp  at 
CitjHall. 

Tap  at 
Ezperl- 

meot 
StatioiL 

LOMOf 

BouL 

Maroh  1,    . 

6,600 

860 

284 

211, 

180 

Drained. 

T.0 

%    . 

0,800 

410 

846 

167 

116 

M 

6.4 

8,    . 

6,000 

688 

296 

186 

170 

«< 

6.1 

4.    . 

- 

- 

- 

- 

- 

•1 

6.S 

5.    . 

7,000 

- 

408 

186 

100 

14 

• 

6.7 

«•    . 

12,200 

806 

806 

168 

104 

«f 

6.» 

7.    . 

16,000 

800 

420 

170 

88 

<« 

6.8 

8,    . 

18,400 

- 

800 

182 

74 

il 

4.S 

»,    . 

13.000 

- 

270 

170 

66 

t« 

6.1 

10,    . 

18.000 

826 

810 

140 

280 

M 

6.9 

11.    . 

- 

- 

- 

- 

- 

« 

- 

1«.    . 

0,200 

711 

208 

110 

89 

<• 

4.S 

18,    . 

9,800 

- 

270 

128 

180 

«( 

6.4 

w.  . 

8.000 

- 

240 

98 

112 

<• 

6.6 

16,    . 

7.800 

- 

290 

117 

68 

M 

».T 

18,    . 

7.200 

198 

287 

191 

90 

«« 

6.0 

17,    . 

6,000 

166 

262 

72 

71 

l( 

S.9 

18,    .       . 

- 

- 

- 

- 

- 

•< 

- 

w.  . 

4,400 

98 

116 

78 

40 

«l 

6.9 

20,    . 

7.000 

90 

108 

60 

60 

<« 

5.S 

21,    . 

6,000 

98 

124 

48 

68 

<« 

6.3 

22.    . 

3,000 

76 

196 

86 

68 

'     II 

5.S 

23.    .        . 

8,100 

76 

107 

46 

86 

II 

6.S 

24,    .        . 

6,000 

66 

76 

42 

67 

M 

5.3 

26.    .       . 

- 

- 

- 

- 

- 

H 

- 

28.    .        , 

4.600 

87 

04 

48 

80 

II 

6.2 

27.    .        . 

8,600 

110 

78 

68 

81 

II 

6.T 

28.    .        . 

3,000 

83 

108 

67 

82 

II 

6.6 

2».    .        . 

2.000 

74 

93 

186 

63 

II 

6.4 

30.    .        . 

8,700  : 

78 

no 

122 

06 

M 

6.4 

81.    . 

10,200 

- 

90 

120 

86 

11 

6.1 

Total  quantity  of  effluent  for  month.  88,182,282  gallons. 

The  loe  had  disappeared  by  March  12  and  the  anrface  waa  gradually  acraped  and  graded.  Tkit 
took  aboat  a  month,  and  waa  the  third  complete  acraplng  of  the  anrfaoe. 
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DaUy  Bacterial  BetttUt,  Latorenee  Oity  Water — Concluded. 

[Baoterte  par  eoUo  MotlawtM'.] 


In  Hirer 
WftUr. 

IV  FILTBBXD  WATU  ROM 

CoadJtIoiiof 

SwlhM 
wiMnPampt 

Stopped. 

DAn— 1M4. 

riMtr. 

BeMTTolr 
Oottot 

TAPJit 

at7%AU. 

Tap  at 

BxpMl- 

ment 

SUdon. 

LOMOf 

Heed. 

Feet 

April  1, 

- 

- 

- 

- 

- 

DiBlned. 

- 

«• 

U,800 

880 

188 

197 

94 

M 

«. 

7,800 

101 

112 

70 

76 

<l 

4. 

10,000 

387 

no 

187 

110 

M 

0^      . 

22,000 

100 

70 

82 

180 

M 

«i 

0,800 

140 

181 

68 

98 

l< 

T,      , 

19,200 

880 

818 

76 

78 

•• 

8,      . 

- 

- 

- 

- 

- 

OoTwrtd. 

»• 

21,000 

196 

162 

78 

80 

Drained. 

10^ 

18,800 

170 

180 

88 

76 

M 

11. 

28,000 

198 

184 
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Total  quantity  of  efflnent  for  month,  74,706,798  galloni. 
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The  Lawrence  pumping  station  is  by  the  side  of  the  Merrimack 
River  above  the  city  and  about  a  thousand  feet  up  stream  from  the 
nearest  house.  The  water  was  drawn  from  the  river  through  a 
thirty-inch  iron  pipe  continued  to  the  engine  house  by  a  brick  con- 
duit four  feet  in  diameter.  At  right  angles  with  this  conduit,  and 
extending  down  stream  from  the  engine  house  for  three  hundred  feet 
along  the  shore,  was  a  stone  and  brick  filter-gallery  eight  feet  wide 
and  eight  feet  high  inside,  the  bottom  of  which,  as  well  as  the  bottom 
of  the  conduit  from  the  river,  was  about  level  with  the  bottom  of  the 
pump  well  under  the  engine  house  and  eleven  feet  below  low  water 
in  the  river. 

The  river  water  brought  so  much  silt  at  the  time  of  the  spring  and 
fall  freshets  that  the  shore  became  impermeable,  and  soon  after  the 
works  were  constructed  it  became  evident  that  the  filter-gallery 
received  little  or  no  water  from  the  river  side  and  the  quantity 
received  from  the  land  side  was  insignificant.  The  works  have  been 
in  use  about  seventeen  years.  For  some  years  after  they  were  built 
there  was  a  diminution  in  the  number  of  deaths  by  typhoid  fever 
from  the  number  when  well  water  was  used,  and  no  one  thought  of 
direct  poisoning  by  sewage  of  the  water  taken  from  the  river  nine 
miles  below  Lowell  with  a  fall  of  ten  feet  through  a  rapid  a  mile  long 
on  the  way.  Many  made  the  remark  that  running  water  purified  itself 
in  a  less  distance  and  put  away  any  fear  of  contamination,  while  a 
few  did  not  like  to  drink  water  into  which  the  sewage  of  seventy 
thousand  people  was  poured  only  eight  hours  before  it  reached  the 
intake  of  the  water  works. 

Shortly  after  the  State  Board  of  Health  was  reorganized  in  1886 
the  Experiment  Station  was  established  at  Lawrence,  and  it  was 
soon  found  that  all  of  the  bacteria  in  sewage,  amounting  generally  to 
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several  hundred  thousand  in  every  thimbleful,  could  be  removed  by 
slow  intermittent  filtration ;  also,  that  the  same  result  could  be  at- 
tained by  filtering  water  at  a  more  rapid  rate,  but  not  at  a  rate  that 
rendered  it  practicable  to  apply  to  a  city's  water  supply.  Experi- 
ments of  the  Board  with  rapid  mechanical  filters  showed  a  large 
percentage  of  the  bacteria  remaining  in  the  filtered  water,  and  i 
experiments  at  Berlin  indicated  that  the  continuous  filters  of  that     ! 

■ 

city  allowed  some  of  the  germs  of  typhoid  fever  to  pass  throagh; 
enough  to  cause  sickness  in  the  city. 

In  1890  a  careful  study  of  the  deaths  from  typhoid  fever  in  the 
cities  of  the  State  showed  that  the  cities  of  Lowell  and  Lawrence 
had  nearly  three  times  the  average  number,  from  the  same  popula- 
tion, in  other  cities  ;  and  that  during  the  season  —  August,  Septem- 
ber and  October  —  when  other  cities  had  the  most  typhoid  fever, 
Lowell  and  Lawrence  had  about  the  same  number  as  other  cities, 
but  a  month  or  more  later  the  deaths  in  Lowell  reached  three  and 
four  and  eight  times  the  deaths  in  other  cities,  and  after  another 
month  those  of  Lawrence  increased  by  a  still  greater  ratio,  so  that 
in  some  years  the  deaths  in  January  and  February  from  this  disease 
were  more  than  the  actual  number  in  Boston,  with  ten  times  the 
population.  This  condition,  following  year  after  year,  made  it  so 
evident  that  the  disease  came  down  the  river  to  Lowell  from  the 
cities  and  towns  above,  and  then  came  with  greater  intensity  from 
Lowell  to  Lawrence,  that  the  State  Board  of  Health  made  strenuous 
efforts  to  produce  a  filter  that  would  remove  all  disease-producing 
germs  that  could  be  applied  to  it,  and  at  the  same  time  filter  rapidly 
enough  to  serve  for  a  city's  water  supply.  Billions  of  typhoid-fever 
germs  were  cultivated  and  applied  to  filters  of  dififerent  construction, 
and  in  1891  we  succeeded  in  removing  all  that  were  applied  when 
filtering  two  million  gallons  per  acre  daily.  Then  the  Board  advised 
the  city  of  Lawrence  to  filter  its  water,  and  offered  to  show  how  to 
do  it. 

Such  a  filter  would  require  some  layers  of  quite  fine  sand,  and  it 
was  thought  necessary  to  first  take  out  the  very  fine  river  silt  from 
the  water  by  means  of  a  coarser  sand  filter  at  the  river  bank.  Fur- 
ther experiments  showed  that  the  construction  of  a  filter  at  the 
river  bank  with  a  sand  coarse  enough  to  allow  the  river  silt  to  be 
deposited  upon  it,  if  removed  promptly,  would  serve  to  remove 
ninety-eight  per  cent,  of  all  of  the  bacteria  of  the  river  water  and  a 
still  larger  per  cent,  of  the  disease  producing  germs ;  and  considera- 
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tions  of  economy  and  the  immenBe  advantage  of  such  a  filter  with 
the  probability  of  this  or  none,  with  an  unbelieving  public,  induced 
the  State  Board  of  Health  to  advise  the  city  to  immediately  con- 
struct such  a  filter  and  save  the  fifbv-seven  lives,  which  was  the 
annual  excess  of  deaths  by  this  disease  over  that  of  the  same  nura* 
ber  of  inhabitants  in  cities  of  the  State  having  a  good  water  supply. 

In  1^92,  in  view  of  the  possibility  of  cholera  getting  into  Lowell 
and  making  it  necessary  to  cut  off  the  Lawrence  water  supply,  the 
city  government  made  an  appropriation  for  beginning  the  work  of 
constructing  the  filter  in  accordance  with  the  advice  of  the  State 
Board  of  Health  and  under  its  direction. 

The  general  design  was  to  excavate  the  bed  and  bank  of  the  river 
to  seven  feet  below  low  water  for  a  width  of  about  one  hundred  and 
fifty  feet  out  from  the  old  filter-gallery  and  from  the  high  water 
shore  down  stream  from  this,  making  a  length  of  about  seven  hun- 
dred and  fifty  feet  and  an  area  of  excavation  of  two  and  one-half 
acres  (see  Plate  I.,  Fig.  7).  The  suitable  material  from  the  excava- 
tion was  to  be  put  into  a  tight  embankment,  on  the  ends  and  river 
side,  earned  to  nine  feet  above  low  water  in  the  river  or  high 
enough  to  exclude  the  highest  freshets.  The  excavation  was  to  be 
then  filled  for  a  depth  of  about  five  feet  with  suitable  filtering  sand 
properly  underdrained  into  the  old  filter-gallery  and  into  a  small 
perforated  conduit  in  extension  of  the  gallery. 

The  top  of  the  sand,  being  two  feet  below  low  water  in  the  river, 
could  by  a  proper  inlet  be  flooded  by  gravity  to  a  depth  of  about  two 
feet,  thus  forming  a  shallow  pond  of  two  and  a  half  acres  area,  which 
Tvould  gradually  filter  downward  through  the  sand  to  the  underdrains 
and  be  conveyed  to  the  old  gallery,  and  through  this  to  the  pump- 
well. 

One  of  the  essential  qualities  of  the  design  required  that  the  inlet 
water  should  be  shut  off  once  a  day  and  the  pumps  kept  running 
until  the  sand  was  uncovered  and  the  water  within  the  sand  drawn 
out,  so  that  the  sand  could  fill  with  air  from  top  to  bottom. 

This  condition  of  filling  the  sand  with  air  daily  was  regarded 
necessary  to  insure  the  burning  up  of  the  organic  matter  which  pene- 
trated the  sand  below  the  surface  and  forming  nitrates  in  the  water, 
thus  producing  conditions  the  most  unfavorable  for  the  continuation 
of  the  life  of  bacteria  within  the  water  in  their  passage  through  the 
sand  and  in  the  water  after  leaving  the  filter. 

There  is  nearly  air  enough  in  our  drinking  waters  to  supply  the 
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oxygen  which  is  necessary  to  carry  on  the  process  of  nitrification 
when  the  water  comes  in  contact  with  the  grains  of  sand  which  have 
nitrifying  bacteria  adherent,  but  the  addition  of  the  air  which  enters 
the  sand  by  drawing  the  water  out  of  it  once  a  day  causes  a  more 
complete  burning  up  of  the  organic  matter  in  the  water,  which  is  the 
nitrifying  process  spoken  of. 

The  question  may  arise,  if  water  contains  so  much  air  why  does 
not  nitrification  take  place  in  the  reservoir?  The  reason  is  that 
nitrification  will  not  take  place  unless  the  water  with  the  air  comes 
in  contact  with  certain  bacteria  which  in  some  unknown  way  cause 
the  process  to  be  carried  on.  These  bacteria  attach  themselves  to 
the  grains  of  sand  of  the  filter  and  remain  there,  and  when  air  is 
present  they  can  in  a  short  time  cause  the  nitrifying  process  to  be 
carried  on  so  completely  that  nearly  all  of  the  organic  matter  in  the 
water  is  burnt  up,  and  with  this  burning  the  disease  germs  in  the 
water  are  killed. 

The  carrying  out  of  this  design  required  some  original  investi- 
gations upon  the  head  required  to  convey  a  definite  quantity  of 
water  through  sands  of  different  size  of  grain  and  through  gravel 
stones  of  different  sizes.  The  circumstances  of  the  location  would 
allow  an  expenditure  of  head  of  one  and  a  half  feet  when  the  sur&ce 
of  the  sand  was  clean,  through  the  sand  and  through  the  underdrains 
and  conduit  to  the  pump-well,  when  drawing  the  full  quantity  of 
2,000,000  gallons  per  acre  per  day,  or  5,000,000  gallons  for  the 
field. 

The  sand  selected  to  meet  these  conditions  was  of  two  sizes,  the 
finer  of  the  two  being  placed  directly  over  the  underdrains  and  for 
five  feet  each  side  of  them  ;  and  the  coarser  occupying  the  remain- 
ing twenty  feet  between  the  drains,  and  through  which  the  water 
would  move  laterally  and  use  up  about  the  same  amount  of  head  as 
when  flowing  directly  downward  through  the  finer  sand. 

The  coarser  sand  was  such  that  70,000,000  gallons  would  flow  in 
twenty-four  hours  through  a  foot  in  depth,  covering  an  acre,  with 
the  expenditure  of  one  foot  head  ;  and  the  finer  sand  would  convey 
50,000,000  gallons  under  the  same  conditions.  In  moving  ver- 
tically downward  five  feet  through  the  finer  sand,  10,000,000  gal- 
lons would  flow  through  with  the  expenditure  of  one  foot  of  head,  bat 
the  water  moving  laterally  through  the  coarser  sand  toward  the  under- 
drain  would  crowd  the  stream  in  the  finer  sand  below  the  surface  so 
that  the  water  going  through  the  surface  in  a  width  of  ten  feet  would 
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be,  near  the  bottom,  pressed  into  a  channel  of  perhaps  not  more  than 
five  feet  in  width  and  thus  decreasing  the  quantity  that  could  pass 
with  one  foot  head  to  perhaps  7,000,000  gallons  per  acre  per  day. 

As  the  water  was  to  flow  through  the  sand  with  a  daily  intermis- 
sion of  several  hours,  the  actual  time  of  flowing  would  be,  say  two- 
thirds  of  the  day,  and  would  allow  between  four  and  five  millions  to 
pass.  This  is  the  quantity  that  could  pass  with  one  foot  loss  of 
head  through  the  sand  when  the  surface  of  the  sand  is  clean,  but  the 
fine  mineral  sediment  and  the  organic  matter  brought  by  the  river 
water  choke  the  surface  and  reduce  the  quantity  of  water  that  can  pass 
through,  and  in  order  not  to  have  to  clean  the  surface  too  frequently, 
the  sand  when  clean  should  be  able  to  convey  two  or  three  times  the 
quantity  required. 

It  was  expected,  from  experiments  that  had  been  made  with  this 
water,  that  ordinarily  with  sand  grains  of  the  sizes  here  used,  the 
surface  would  have  to  be  cleaned  by  removing  from  an  eighth  to  a 
quarter  of  an  inch  and  replacing  with  clean  sand  once  a  month,  and 
that  during  freshets,  when  more  sediment  comes  in  the  river  water, 
the  surface  would  have  to  be  cleaned  oftener. 

If  the  surface  should  not  be  cleaned  as  often  as  necessary,  the 
result  would  be  a  lowering  of  water  in  the  pump-well  and  if 
neglected  until  the  surface  became  so  impervious  that  the  one  or 
two  feet  in  depth  of  water  over  the  surface  were  not  suflicient  to 
force  the  required  quantity  through  the  upper  layer,  the  drawing 
down  of  the  pump  well  to  the  bottom  of  the  sand  would  give  no 
relief,  the  surface  would  have  to  be  cleaned. 

Economy  of  construction,  the  providing  for  a  nearly  uniform  rate 
of  flitration  through  every  square  foot  of  the  area  of  the  filter,  and 
applying  the  water  to  the  surface  of  the  sand  in  a  valley  so  that  as 
it  is  filled  daily  there  will  not  be  a  current  over  the  surface  of  the 
sand  sufficiently  rapid  to  move  the  sand  grains,  caused  the  following 
section  to  be  adopted. 

The  underdrains  were  arranged  to  be  thirty  feet  apart.  The  ex- 
cavation was  not  made  to  a  uniform  depth  of  seven  feet  below  low 
water  in  the  river,  but  was  made  to  the  depth  of  eight  feet  for  a 
width  of  five  feet  where  the  underdrains  were  to  be,  and  to  the  depth 
of  six  feet  for  a  width  of  five  feet  at  ridges  between  the  underdrains, 
with  slopes  of  one  foot  in  ten  feet  between  (see  Plate  I.,  Figs.  3,  4,  5 
and  6).  Over  these  ridges  the  sand  was  filled  only  to  the  depth  of 
three  feet  for  a  width  of  five  feet  and  beyond  this  the  surface  of  the 
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saod  rose  one  foot  in  twenty  feet  and  then  ran  level  for  five  feet  at 
a  Jieight  of  six  feet  above  the  bottom.  Such  ridges  and  hollows 
formed  the  general  longitudinal  section  of  the  bed. 

The  direct  conduit  through  which  water  was  formerly  supplied  to 
the  pump-well  from  the  river  is  at  the  up-river  end  of  the  filter-bed 
(Plate  I.,  Fig.  1).     It  is  furnished  with  a  gate  at  the  inner  end,  and 
the  top  was  pierced  and  a  chimney  built  about  forty  feet  outside  of 
the  engine  house,  and  projecting  through  the  side  of  this  chimney  were 
set  two  iron  pipes  two  feet  in  diameter  with  a  gate  in  each,  having 
its  centre  two  feet  below  low  water  in  the  river.     One  of  these  is 
intended  to  supply  an  extension  of  the  works  up  the  river ;  the  other 
discharges  into  an  open  conduit  which  extends  along  the  inside  of 
the  embankment  nearly  the  whole  length  of  the  bed.     At  the  upper 
end  the  section  is  a  semi-circle  six  feet  in  diameter.     The  edge 
toward  the  bed  remains  level  throughout  its  length  at  three  feet 
below  low  water  of  the  river,  but  the  bottom  rises  gradually  from 
three  feet  below  the  edge  to  six  inches  below  at  the  lower  end,  and 
this  continues  by  a  curve  and  crosses  the  bed  in  the  down-river  valley 
with  the  edges  level,  but  the  bottom  rises  so  that  the  depth  at  the 
end  is  only  one  inch.     In  each  of  the  valleys,  thirty  feet  apart, 
extends  from  this  main  conduit  a  shallow  carrier  of  concrete  lined 
with  cement  mortar,  having  its  edges  level  with  the  edge  of  the  con- 
duit, and  extending  from  the  conduit  to  thirty-two  feet  from  the  oppo- 
site side  of  the  bed.     These  are  two  feet  wide  and  three  inches  deep 
at  the  conduit,  and  one  foot  wide  and  one  inch  deep  at  the  end.    in 
this  way  there  are  formed  edges  of  water  carriers  at  the  same  level 
and  about  one  and  one-third  miles  in  length,  over  which  the  water 
reaches  the  sand,  and  as  within  two  feet  from  these  edges  the  surface 
of  the  sand  rises  with  a  slope  one  foot  in  ten  there  is  very  little  per- 
ceptible current  over  the  sand  as  the  water  leaves  the  carriers. 

The  conduit  is  made  of  cobble  paving  stones  four  to  six  inches 
through,  laid  in  Portland  cement  mortar  on  a  layer  of  gravel  eight 
inches  thick  and  made  smooth  within  by  a  coat  of  mortar.  The 
carriers  are  made  of  cobble  stones  about  four  inches  in  diameter, 
laid  in  Portland  cement  mqrtar  on  the  sand,  and  made  smooth 
within.  At  the  junction  with  the  conduit  the  carriers  are  widened 
by  curves  to  prevent  washing  of  sand  at  the  turn. 

The  underdrains  enter  the  old  filter-gallery  through  holes  cut  in 
the  wall.  (See  Plate  I.,  Fig.  2.)  Glazed  sewer  pipe  surrounded 
by  stones  are  used  for  about  four-tenths  of  the  distance  from  the 


No.  34-1         CITY  OF  LAWRENCE  FILTER.  551 

gallery  across  the  bed,  beyond  which  are  layers  of  stones  of  different 
sizes  without  pipes.  Beginning  at  the  gallery  is  one  length  of  ten- 
inch  pipe,  then  two  lengths  of  eight-inch  pipe,  then  from  thirty-five 
to  sixty-five  feet  of  six-inch  pipe,  ending  with  three  lengths  of  four- 
inch  pipe.  These  pipes  are  laid  apart  so  that  the  spigot  approaches 
but  does  not  enter  the  bell,  and  they  are  surrounded  by  a  layer  of 
about  four  inches  of  stones  about  two  inches  in  diameter.  (See 
Plate  I.,  Figs.  3,  4,  5  and  6.)  Other  layers,  decreasing  in  size 
through  one  and  one-half  inches,  three-quarters  of  an  inch,  three- 
eighths  of  an  inch  and  three-sixteenths  of  an  inch,  are  applied  in  the 
form  shown  by  the  sections  and  plans,  and  the  latter  being  spread 
out  to  a  width  of  seventeen  feet  is  covered  by  one  inch  of  coarse 
mortar  sand  which  spreads  to  a  width  of  twenty  feet.  Upon  this 
rests  the  filtering  sand  from  four  to  five  feet  deep. 

The  valley  in  the  excavation  is  deepened  in  the  part  occupied  by 
tibe  pipe  so  that  the  pipe  has  a  slope  of  one  foot  in  one  hundred  feet. 
The  pipe  was  applied  as  far  from  the  filter-gallery,  or  conduit  in  ex- 
tension of  the  gallery,  as  it  and  the  stones  surrounding  it  cost  less 
than  the  much  larger  area  of  stones  required  to  give  the  desired  free- 
dom of  flow.  Beyond  this  the  large  stones  were  spread  out  to  the 
widths  and  with  the  depths  required  to  give  the  desired  flow. 

To  determine  how  much  head  would  be  used  in  flowing  through 
layers  of  sand  and  layers  of  stones  of  different  sizes  experiments 
were  made  under  my  direction  by  Mr.  Allen  Hazen,  the  chemist  in 
charge  of  the  Experiment  Station  of  the  State  Board  of  Health.  As 
is  well  known,  the  head  required  to  convey  water  through  ordinary 
pipes  varies  with  the  square  of  the  velocity,  but  with  extremely 
small  pipes  and  through  the  interstices  of  fine  sand  the  head  required 
to  convey  water  varies  with  the  velocity  and  with  the  temperature, 
more  head  being  required  with  colder  water.  Through  coarse  sand 
and  through  gravel  stones  the  head  varies  with  powers  of  the  veloc- 
ity between  the  first  and  second  powers,  increasing  with  the  size  of 
the  grains  or  of  the  stones.  For  sands,  ten  per  cent,  of  whose  grains 
are  as  small  as  two  millimeters  or  eight-hundredths  of  an  inch  in 
diameter,  the  quantities  of  water  that  would  pass  through  an  acre  in 
area  with  different  depths  and  sizes  of  grains  were  determined  by  the 
following  formula  deduced  from  experiments  which  had  been  made 
up  to  the  time  of  constructing  this  filter:  Q=^^~-  in  which  Q  ex- 
presses the  quantity  of  water  in  million  gallons  per  acre  per  day,  h 
the  acting  head  in  feet,  I  the  distance  flowing  through  the  sand  in 
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feet,  and  d  the  maximum  diameter  in  millimetera  of  the  finer  ten  per 
cent,  of  the  sand  grains. 

This  formula  expresses  quite  satisfactorily  the  quantity  of  water 
that  will  pass  through  clean  sand  from  which  air  has  been  pushed 
out  when  the  temperature  is  about  50^  Fah.,  and  is  convenient  to 
use  in  comparing  sands  of  different  sizes ;  but  Mr.  Hazen  found  that 
the  resistance  was  nearly  twice  as  great  when  the  temperature  was 
near  the  freezing  point  as  when  at  summer  heat,  and  he  afterward 
determined  an  expression  from  the  experiments,  giving  the  velocity 
of  flow  through  sands  at  any  temperature,  which  may  be  found  on 
page  553  of  the  Report  of  the  State  Board  of  Health  for  1892. 

The  sand  used  in  the  Lawrence  filter  which  wa&  placed  directly 
over  the  underdrains  and  five  feet  on  either  side  had  the  coarser 
grains  of  the  finer  ten  per  cent,  twenty-five  hundredths  of  a  milli- 
meter in  diameter,  and  by  the  above  formula  when  the  head  used  is 
equal  to  the  distance  which  the  water  passes  through  the  sand  the 
quantity  of  water  that  could  pass  through  an  acre  in  twenty-four 
hours  would  be  fifty  million  gallons.  If  two  million  gallons  were 
applied  to  an  acre  in  sixteen  hours,  or  the  equivalent  of  three  mil- 
lion gallons  in  twenty-four  hours,  and  this  were  crowded  into  one- 
half  its  area  near  the  bottom  of  the  sand,  by  the  lateral  pressure  of 
the  water  coming  towards  the  underdrains  through  the  ten  feet  of 
coarser  sand  on  each  side,  the  resistance  would  be  like  that  of  four 
and  a  half  million  gallons  traversing  six  feet  in  depth  of  sand,  for 
which  the  head  required  would  be  fifty-four  hundredths  of  a  foot. 

As  the  circumstances  here  allowed  of  a  loss  of  head  through  the 
sand  of  one  foot,  the  remaining  head,  from  fifty-four  hundredths  to 
one  foot,  was  the  amount  allowed  for  increased  obstruction  through 
the  sand  due  to  air  and  to  lower  temperature. 

By  a  similar  process  of  computation  the  coarser  sand  occupying 
the  remaining  twenty  feet  of  the  thirty  feet  between  underdrains 
was  found  to  be  able  to  convey  its  proportion  of  the  water  to  the 
underdrains  with  a  like  loss  of  head ;  hence  the  arrangement  pre- 
sented by  these  sections  enabled  all  parts  of  the  area  of  the  filter  to 
transmit  nearly  their  proper  quantity  of  water. 

With  this  loss  of  head  through  the  sand  when  clean,  there  would 
be  a  noticeable  increase  in  loss  by  a  slight  deposit  of  sediment  upon 
the  surface,  and  depending  upon  this  narrow  margin  it  was  deemed 
practicable  to  construct  and  use  for  a  term  of  years  a  single  bed 
which  was  to  be  cleaned  regularly  each  month,  a  portion  being 
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cleaned  every  day  during  the  interval  when  the  bed  is  resting ;  and 
this  portion  when  cleaned  is  not  capable  of  conveying  so  large  a 
quantity  of  water  that  it  cannot  be  properly  purified  in  its  passage, 
unless  there  be  an  extreme  drawing  down  of  the  head  which  would 
require  very  close  watching  at  the  pumps. 

When  it  becomes  impracticable  to  properly  purify  the  full  amount 
of  the  city's  supply  by  the  present  bed  it  is  designed  to  construct 
another  bed  extending  up  the  river  from  the  intake,  to  be  supplied 
by  the  second  two-foot  valve  mentioned  as  built  into  the  side  of  the 
chimney  rising  from  the  old  intake. 

We  have  followed  the  water  through  the  sand  and  considered  the 
head  lost  in  its  passage.  There  is  still  some  head  to  be  used  in 
passing  through  the  layers  of  stone  and  the  jinderdraining  pipes. 

In  considering  the  loss  of  head  through  fine  sand  and  through 
coarser  material  to  very  large  gravel  stones,  we  find  the  loss  increas- 
ing with  the  first  power  of  the  velocity,  and  with  powers  increasing 
with  the  coarseness  from  the  first  to  the  second  power  of  the  velocity  ; 
hence  the  most  convenient  method  of  presenting  what  our  experi- 
ments have  shown  is  in  the  form  of  a  table  which  was  used  in  distrib- 
uting the  remaining  allowable  loss  of  head  of  about  half  a  foot  in 
addition  to  the  one  foot  through  the  sand,  so  that  it  should  still  serve 
to  make  the  passage  of  water  nearly  uniform  from  all  portions  of  the 
surface  of  the  bed. 

This  table,  though  capable  of  improvement  by  additional  data,  led 
to  conclusions  which  proved  satisfactory  in  this  case. 


QuarUily  of  Water  Flowing  through  Oravel  Stones  at  Different  Heads. 

[Quantity  flowing  in  1,000,000  galloDfi  per  acre  daily.] 
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By  the  aid  of  this  table  the  underdrains,  formed  of  layers  of  stones 
of  different  sizes,  were  proportioned  as  shown  in  the  accompanying 
plan  and  sections.  The  larger  stones  were  selected  by  band,  and  if 
soiled  were  washed.  The  smaller  sizes  were  selected  by  screening, 
and  in  this  way  all  sand  was  removed.  The  stones  of  the  two  larger 
sizes  were  carefully  placed  at  the  open  joints  of  the  pipes  to  allow 
water  to  enter  as  freely  as  possible ;  the  other  layers  were  shovelled 
to  place. 

In  extension  of  the  old  filter-gallery,  to  serve  to  conduct  the  water 
from  the  down-river  underdrains  to  the  gallery,  a  conduit  was  built 
with  walls  four  inches  thick  of  brick  laid  in  Portland  cement  mortar, 
with  the  mortar  left  out  of  the  end  joints,  which  were  a  little  more 
than  an  eighth  of  an  inch  wide.  This  conduit  was  two  feet  in 
diameter  for  a  length  of  105  feet,  then  20  inches  in  diameter  for  a 
length  of  120  feet,  then  16  inches  in  diameter  for  a  length  of  65 
feet,  then  12  inches  in  diameter  for  a  length  of  30  feet,  beyond 
which  were  ten-inch,  eight-inch  and  six-inch  glazed  pipes,  in  lengths 
of  30  feet,  laid  as  in  the  underdrains.  This  conduit  was  surrounded 
by  the  large  stones  2  inches  in  diameter  for  a  thickness  of  4  inches, 
with  layers  of  decreasing  sizes  around  this,  making  a  total  thickness 
of  about  8  inches. 

Great  care  was  taken  to  deposit  the  filtering  sand  so  that  the  mass 
should  be  as  homogeneous  as  possible.  It  was  deposited  in  two 
layers.  The  first  layer  was  covered  with  planks  as  fast  as  laid,  upon 
which  the  loads  were  hauled,  and  these  were  dumped  upon  the  planks 
near  the  edge,  so  that  a  part  of  the  load  ran  over  the  bank  and  the 
other  part  was  shovelled  over.  If  the  edge  of  the  bank  remained 
exposed  to  the  wind  and  sun  the  coarser  material  would  appear  on 
the  surface  and  run  down.  Such  an  edge  was  shovelled  over  before 
an  addition  was  made. 

The  second  layer  was  dumped  upon  the  planks  resting  upon  the 
lower  layer  and  shovelled  up  to  grade,  and  upon  taking  up  the  planks 
the  lower  layer  was  shovelled  over  to  the  depth  of  one  foot  and  a 
half  to  remove  the  packing  of  the  sand  which  was  evident  under  the 
planks,  sometimes  to  a  depth  of  one  foot. 

It  will  be  evident  that  watchful  care  was  necessary  in  laying  the 
underdraining  stones  to  see  that  no  bar  of  finer  material  crossed  it  in 
any  direction.  In  fact,  the  success  of  the  filter  depended  laigely 
upon  careful  and  conscientious  superintendence  of  the  construction 
of  the  underdrains  and  the  bed.     This  was  accomplished  by  Mr. 
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Charles  C.  Campbell ,  who  had  an  intelligent  appreciation  of  the 
essentials  to  success  and  most  scrupulous  care  that  the  work  should 
be  done  as  directed. 

Sand  for  the  filter  was  obtained  from  a  bank  about  seven-eighths 
of  a  mile  away,  where  layers  and  pockets  were  found  containing  all 
kinds,  from  the  very  fine,  almost  impervious,  sands  to  large  gravel 
stones,  and  much  unsuitable  material  had  to  be  removed  in  selecting 
layers  from  which  suitable  sand  could  be  obtained.  By  judicious 
selection,  screening  and  mixing  the  two  kinds  of  sand  were  obtained 
and  wheeled  to  piles  for  loading.  These  piles  were  frequently  tested 
by  half  filling  with  sand  a  cylinder  six  inches  high  and  three  inches 
in  diameter,  having  a  wire  bottom.  The  sand  was  packed  slightly 
and  covered  with  a  wire  screen  and  the  cylinder  filled  with  water, 
and  the  time  observed  that  it  took  the  water  to  pass  below  the  sur- 
face of  the  sand.  Time  limits  for  the  two  grades  were  determined 
at  the  laboratory,  making  correction  for  the  temperature  of  the  water, 
and  the  accuracy  of  these  tests  at  the  bank  was  determined  by  occa- 
sionally taking  duplicate  samples  to  the  laboratory  and  making  reg- 
ular mechanical  analyses  by  means  of  sieves. 

The  filter  was  completed,  at  a  cost  of  about  $65,000,  in  the  forenoon 
of  Sept.  20, 1893,  just  about  one  year  from  the  time  of  commencing, 
althongh  there  were  four  or  five  months  when  work  was  suspended ; 
and  in  the  afternoon  of  September  20  the  inlet  gate  was  opened  and 
the  water  filled  the  open  conduit  along  the  base  of  the  embankment, 
ran  into  the  carriers,  and  gradually  flowed  over  the  one  and  one-third 
miles  of  level  edge  and  entered  the  sand,  disappearing  in  a  short  dis- 
tance at  first,  but  gradually  as  the  sand  was  filled  extending  further 
from  the  carriers  and  filling  the  bottom  of  the  twenty-six  valleys,  and 
then  rising  slowly  up  their  sides  and  covering  the  ridges,  forming  a 
shallow  pond  of  two  and  a  half  acres.  Then  the  pumps  were  started, 
and  when  running  at  the  rate  of  five  million  gallons  in  twenty-four 
hours  we  found  that  the  difference  in  level  between  the  water  over 
the  filter  and  in  the  pump-well  was  seventeen  inches. 

The  water  first  coming  through  the  filter  contained  an  extremely 
fine  dust  in  suspension,  probably  washed  from  the  surfaces  of  the 
stones  and  underdrains.  In  the  first  ten  days  the  chemical  changes 
in  the  water  were  as  follows :  the  albuminoid  ammonia  was  reduced 
from  0.0168  to  0.0108  in  parts  per  100,000.  The  free  ammonia  was 
reduced  from  0.0113  to  0.0072,  and  the  nitrates  were  increased  from 
0.0120  to  0.0200  part.    The  color  was  reduced  from  0.36  to  0.28  on 
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the  scale  for  color.  Since  that  time  the  average  change  has  been  in 
albuminoid  ammonia  from  0.0187  to  0.0104;  free  ammonia  from 
0.0067  to  0.0087,  and  the  nitrates  from  0.0140  to  0.0390  part,  and 
the  color  reduced  from  0.42  to  0.35.  The  hardness  of  the  water 
has  increased  from  1.3  to  2.9.*  This  change  is  probably  partly  tem- 
porary, due  to  absorption  of  lime  from  the  conduit  and  carriers,  but 
it  is  partly  due  to  ground  water,  as  it  was  the  greatest  when,  in  the 
latter  part  of  February  and  early  part  of  March,  there  was  the 
greatest  loss  of  head  through  the  filter  and  consequently  the  greatest 
draft  from  the  ground.  At  the  same  time  there  was  an  increase  in 
the  free  ammonia  of  the  filtered  water,  evidently  due  to  the  same 
cause ;  but  this  cause  was  an  exceptional  condition  due  to  the  sur- 
face of  the  bed  not  having  been  cleaned  for  three  months,  which  will 
probably  not  occur  again. 

While  the  improvement  of  the  water  by  the  removal  of  the  sus- 
pended matter  and  the  burning  up  of  the  organic  matter  that  was 
readily  oxidizable  was  very  satisfactory,  the  most  important  change 
and  the  real  object  of  the  construction  of  the  filter  was  the  removal 
of  bacteria,  and  especially  of  those  kinds  of  bacteria  that  are  danger- 
ous to  health,  known  as  disease  germs. 

The  removal  of  bacteria  is  not  merely  a  straining  process ;  it  is 
accomplished  by  making  conditions  unfavorable  to  the  life  of  bac- 
teria in  the  passage  through  the  filter,  which  conditions  grow  with 
the  proper  use  of  the  filter.  In  the  first  three  days  75  per  cent,  of 
the  number  of  bacteria  applied  came  through  the  filter.  In  the  next 
three  days  30  per  cent,  came  through,  but  in  the  first  week  in 
October  only  4  per  cent,  came  through,  and  in  the  next  week  2  |)er 
cent. ;  that  is,  during  the  first  three  weeks'  use  the  number  of  bac- 
teria in  the  efiiuent  rapidly  decreased  to  2  per  cent,  of  the  number 
applied,  and  from  that  time  to  the  present,  t  excepting  on  two  occa- 
sions when  work  on  the  filter  or  in  the  pump-well  interfered  with 
the  results,  the  efiiuent  from  the  filter  has  contained  1.7  percent, 
of  the  number  of  bacteria  contained  in  the  river  water,  the  filter 
having  removed  98.3  per  cent,  of  all  of  the  bacteria  in  the  water 
applied  to  it.* 

But  the  result  given  to  the  people  is  better  than  this.  It  appears 
that  with  the  removal  of  those  parts  of  the  organic  matter  that  are 

*  For  results  In  detail  of  examinations  of  water  from  the  Lawrence  water  works  before  and 
after  filtration  see  pages  030-541,  also  181-186. 
t  Juue  1, 1894. 
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easily  oxidized  the  food  material  of  the  bacteria  has  been  removed, 
and  as  the  water  flows  on  through  the  reservoir  and  through  the 
pipes  the  conditions  of  life  are  still  unfavorable  for  the  bacteria,  and 
they  go  on  decreasing,  so  that  the  numbers  found  at  the  outlet  of 
the  reservoir  are  but  one  and  two-tenths  per  cent,  of  the  numbers 
in  the  river  water ;  and  at  the  tap  in  the  city  hall  the  numbers  of 
bacteria  found  are  but  nine-tenths  of  one  per  cent,  of  the  numbers 
in  the  river  water.  More  than  ninety-nine  per  cent,  of  all  of  the 
bacteria  of  the  river  water  have  been  removed. 

The  experiments  of  the  State  Board  of  Health  go  to  show  that 
with  this  result  we  can  rely  upon  the  complete  extinction  of  all  of 
the  disease  producing  germs  that  may  have  been  in  the  water. 

We  have  seen  the  effect  of  the  filter  upon  the  bacteria  of  the  water 
applied  to  it ;  we  will  now  seek  the  effect  of  the  filter  upon  the  inhab- 
itants of  Lawrence.  It  has  been  stated  that  the  deaths  from  typhoid 
fever  in  Lawrence  were  about  three  times  those  of  other  cities  in  the 
State.  Its  relation  to  other  cities  from  a  broader  field  is  shown  by 
the  following  diagram,  in  which  are  given  the  percentage  of  moitality 
from  typhoid  fever  to  the  total  mortality  in  London,  New  York,  Bos- 
ton, Philadelphia,  Chicago  and  Lawrence. 


Diagram  showing  Percentage  of  Typhoid  Fever  Mortality  to  Total  Mortality  in 
Lo?idon,  New  York,  Boston,  Philadelphia,  Chicago  and  Lawrence  from  1870 
U}  1893. 
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That  the  typhoid  fever  that  has  in  the  past  affected  Lawrence  so 
seriously  has  come  down  the  river  year  after  year  may  be  confirmed 
by  the  following  diagram  containing  three  broken  lines.     The  heaviest 


Diagram  showing  Deaths  per  100,000  Inhabitants  in  Boston,  Lowell  and  Lawrence 

fnyin  June,  1889,  to  May,  1894. 
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line  indicates  the  number  of  deaths  from  typhoid  fever  in  100,000 
inhabitants  in  the  city  of  Boston  in  each  month  in  the  past  five  years. 
This  line  represents  approximately  the  number  of  deaths  from  this 
disease  in  100,000  inhabitants  in  the  cities  of  the  State  and  the  months 
in  which  they  occur.  It  will  be  seen  that  the  months  of  greatest  prev- 
alence are  September  and  October  of  each  year.  A  vertical  line  has 
been  drawn  at  such  time  of  prevalence  in  each  year  at  Boston,  and 
this  is  nearly  the  time  of  its  prevalence  in  our  cities  generally. 

We  see  that  in  these  months  the  disease  prevailed  to  as  great  an 
extent  in  Lowell  and  Lawrence,  but  that  following  this  period  io 
about  two  months  it  prevails  at  Lowell  to  a  much  greater  extent,  and 
one  or  two  months  later  it  prevails  to  a  still  greater  extent  in  Law- 
rence. This  is  the  case  year  after  year  until  during  the  past  winter, 
when  in  February  and  March  there  was  an  increase  in  Lawrence  fol- 
lowing that  at  Lowell,  but  instead  of  being  in  greater  numbers,  as  in 
former  years,  it  was  to  only  about  half  as  many  per  100,000,  and  the 
cause  of  this  increase  will  now  be  considered. 

In  the  following  diagram  the  average  number  of  deaths  from 
typhoid  fever  at  Lawrence  for  each  month  from  October  to  May,  in 
the  preceding  five  years,  are  given  by  the  heavy  dotted  line ;  and 
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the  Dumber  during  the  past  eight  months  are  given  by  the  heavy 
full  line. 

Typhoid  Fever  in  Lawrence. 


The  total  number  for  the  eight  months  in  past  years  has  been 
forty-three,  and  in  the  present  year  seventeen,  making  a  saving  of 
twenty-six.  Of  the  seventeen  who  died  nine  were  operatives  in  the 
mills,  each  of  whom  was  known  to  have  drunk  unfiltered  canal 
water,  which  is  used  in  the  factories  at  the  sinks  for  washing. 

The  finer  full  line  shows  the  number  of  those  who  died  month 
after  month  who  are  not  known  to  have  used  the  poisoned  canal 
water.     The  whole  number  in  the  eight  months  is  eight. 

It  is  evident  from  the  previous  diagram  that  the  numbers  above 
the  fine  full  line,  here,  follow  after  those  at  Lowell  in  the  usual  time, 
and  were  undoubtedly  caused  by  the  sickness  at  Lowell ;  but  we 
have  satisfactory  reason  to  conclude  that  the  disease  was  not  propa- 
gated through  the  filter  but  that  the  germs  were  conveyed  directly 
into  the  canals  and  to  those  who  drank  of  the  unfiltered  canal  water. 
Among  the  operatives  of  one  of  the  large  corporations  not  using  the 
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canal  water  there  was  not  a  case  of  typhoid  fever  during  this  period. 
Warnings  have  been  placed  in  the  mills  where  canal  water  is  used 
to  prevent  the  operatives  from  drinking  it. 

We  find,  then,  that  the  mortality  from  typhoid  fever  has,  during 
the  use  of  the  filter,  been  reduced  to  40  per  cent,  of  the  former  mor- 
tality, and  that  the  cases  forming  nearly  one-half  of  this  40  percent, 
were  undoubtedly  due  to  the  continued  use  of  unfiltered  river  water 
drawn  from  the  canals. 

The  effect  of  the  filter  in  preventing  the  communication  of  diarrhoeal 
and  other  diseases  carried  by  water  can  be  given  after  the  season  of 
the  year  when  these  diseases  prevail.  We  can  say  further  at  present 
that  the  physicians  have  very  generally  reported  a  marked  improve- 
ment in  the  health  of  the  people  since  the  filter  came  into  use. 

The  study  of  this  problem  and  its  solution  have  established  with 
more  of  certainty  than  ever  before  three  important  points  in  sanitary 
science :  — 

1.  The  insufficiency  of  the  self-purification  of  streams. 

2.  The  ready  conveyance  of  typhoid  fever  down  a  stream  by 
sewage-polluted  drinking  water. 

3.  The  practicability  of  protecting  a  community  against  an  in- 
fected drinking  water  supply  by  natural  sand  filtration. 
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SEWAGE  PUKIFICATION  OF  CITIES  AND  TOWNS  IN 

MASSACHUSETTS. 


The  last  annual  report  (1892)  contained  a  paper  upon  the  **  Sew- 
age Disposal  of  Cities  and  Towns  in  Massachusetts  by  Intermittent 
Filtration,"  which  was  accompanied  by  chemical  analyses  of  the  sew- 
age and  effluent  from  the  works  of  the  three  places  described,  viz. : 
Framingham,  Marlborough  and  Gardner.  Owing  to  the  time  required 
for  the  publication  of  that  report  it  was  feasible  to  include  in  it 
analyses  made  up  to  the  end  of  July,  1893.  In  the  present  paper 
results  from  sewage  disposal  works  at  several  additional  places  are 
given,  and  analyses  of  sewage  and  effluent  from  the  three  places 
mentioned  above  are  included  only  from  the  first  of  August  to  the 
end  of  the  year.  A  short  description  of  each  of  the  systems  exam- 
ined is  given  in  the  following  pages,  and  to  assist  the  reader  in 
understanding  the  conditions  at  the  various  places  some  of  the  state- 
ments made  last  year  are  repeated. 

The  first  plant  for  the  disposal  of  town  sewage  by  intermittent 
filtration  in  Massachusetts  was  constructed  at  Lenox  in  1876.  A 
system  for  the  disposal  of  the  sewage  of  a  portion  of  the  town  of 
Amherst,  partly  by  filtration  but  chiefly  by  irrigation,  was  con- 
structed about  1881,  and  a  small  system  for  the  disposal  of  sewage 
by  intermittent  filtration  was  introduced  at  Medfield  in  1886.  Since 
the  last  date  the  towns  of  Framingham  and  Gardner  and  the  city  of 
Marlborough  have  constructed  and  are  now  operating  works  for 
the  disposal  of  sewage  by  intermittent  filtration,  and  a  new  disposal 
field  has  been  constructed  and  is  in  use  at  Lenox.  The  city  of 
Brockton  (population  in  1890,  27,294,)  is  at  present  constructing 
works  of  this  kind,  which  will  be  operated  in  1894.  There  are, 
also,  several  large  institutions  which  dispose  of  their  sewage  by  inter- 
mittent filtration.  The  sewage  of  the  city  of  Worcester  is  treated 
by  chemical  precipitation,  as  described  on  page  341  of  this  report. 
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In  order  to  learn  the  results  obtained  by  the  systems  of  sewage 
disposal  in  the  various  places,  the  State  Board  of  Health  has  caused 
many  analyses  of  the  sewage  and  effluent  from  the  filter-beds  at 
Framingham,  Gardner  and  Marlborough  to  be  made,  and  has  also  made 
one  or  more  chemical  examinations  of  the  sewage  and  effluent  from 
the  sewage  disposal  works  at  Amherst,  Lenox,  Medfield,  Westbor- 
ough  and  Wellesley  College.  The  results  of  these  analyses  are  given 
in  connection  with  a  description  of  the  works  in  the  pages  which  fol- 
low. Analyses  made  by  the  chemists  at  Worcester,  showing  the 
results  obtained  at  the  chemical  precipitation  works  there,  have 
already  been  given  on  page  345. 

Sewage  Disposal  at  Amherst. 

The  population  of  the  town  in  1890  was  4,512.  Sewerage  facilities 
have  been  provided  only  for  portions  of  the  main  village,  and  the 
sewage  is  disposed  of  by  two  systems. 

The  first  system,  begun  in  1881  and  subsequently  extended,  col- 
lects the  sewage  from  about  1,000  inhabitants.  The  sewage  flows  to 
a  settling  tank  about  a  mile  south-east  of  the  village  and  thence 
through  a  pipe  520  feet  long  into  Fort  River. 

By  the  second  system,  since  1886,  the  sewage  of  a  portion  of  the 
thickly  populated  part  of  the  town  north  of  the  town  hall  has  been 
applied,  after  settling  in  a  tank,  to  a  field  having  an  area  of  about 
three  acres  and  a  slight  slope,  located  about  half  a  mile  north  of  the 
village.  II  is  said  that  there  are  about  300  people  connected  with  this 
system,  and  storm-water  is  excluded  from  the  sewers.  The  sewage 
IS  conducted  by  a  ten-inch  pipe  to  a  settling  tank  located  on  the 
upper  side  of  the  disposal  field.  The  tank  is  about  4  feet  deep 
and  holds  about  500  gallons.  The  outlet  pipe  is  arranged  to  avoid 
drawing  the  scum  from  the  surface  of  the  tank,  and  discharges  into 
a  long  ditch  running  along  the  upper  side  of  the  field,  from  which 
the  sewage  is  discharged  through  openings  in  its  sides.  The  place 
of  discharge  is  changed  from  time  to  time  by  blocking  up  the  exist- 
ing opening  and  making  a  new  one.  The  sludge  from  the  settling 
tank  is  removed  at  intervals  and  composted.  Analyses  of  the  sew- 
age before  and  after  settling  in  the  tank  are  given  below.  There 
is  no  opportunity  to  obtain  a  sample  of  the  effluent  from  this  field, 
as  the  sewage  sinks  into  the  ground  and  does  not  reappear  in  such 
a  way  that  a  sample  can  be  collected. 
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Chetnieal  Examination  of  Sewage  from  Amherst, 
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Chemical  Examination  of  Sewage  from  Amherst  —  Concluded. 
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Odor,  offenalve. The  flrat  saipple  was  ooUeeted  from  the  main  sewer  of  the  northerly  system  as 

it  dieehargee  Into  the  settling  tank.    The  last  sample,  from  the  pipe  which  conveys  sewage  from  the 
setUiDg  t«Dk  to  a  ditch  on  the  sewage  disposal  area. 

*  The  determinations  of  Oxygen  Consumed,  given  in  this  paper,  were  made  after  boiling  Ave 
minniee. 
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Sewage  Disposal  at  the  Nobfolk  Countt  Jail,  Dedhau. 

C/iemieal  Examination  of  Walerfrom  the  Brook  ichichjioviifrom  Fiber's  Ite  ftwJ 
above  and  below  the  Sewage  Diipotal  Area  of  (he  Norfolk  County  Jail. 
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Sewage  Disposal  at  Fbaminohau. 

The  town  of  Framingham  (population  in  1890,  9,239,)  contains 
three  villages,  of  which  South  FramiDgham  is  by  far  the  most 
populous,  and  up  to  the  present  time  ia  the  only  village  sewered. 

The  sewerage  system  was  put  in  operation  near  the  end  of  tlie 
year  1889,  and  at  the  end  of  the  year  1893,  610  dwelling-houses 
and  41  business  blocks,  stores,  factories,  etc.,  were  connected  v'lih 
the  sewers.  In  addition  to  this  the  sewage  of  the  women's  prison 
(population  about  350),  located  in  the  town  of  Sherborn,  jast  be- 
yond the  Framingham  line,  is  taken  care  of  by  this  system. 

Storm-water  is  excluded  from  the  sewers,  and  a  continuous  system 
of  underdrains  was  laid  beneath  the  principal  sewers  to  collect  snd 
carry  off  the  ground  water.  The  amount  of  sewage  flowing  during 
a  season  of  high  rainfall,  however,  is  fully  three  times  the  ordiiury 
flow.  The  main  underdrain  discharges  by  gravity  into  a  brook,  iixi 
the  character  of  the  water  discharged  by  it  can  be  seen  by  reference 
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to  a  table  of  aoalyses  on  page  153  of  this  yolume.*  The  average 
amount  of  sewage  pumped  and  purified  in  1893  was  218,000  gallons 
per  day. 

The  sewage,  after  collection  in  a  pair  of  receiving  reservoirs  hav- 
ing a  total  capacity  of  431,000  gallons,  is  pumped  during  the  day- 
time to  the  filtration  area,  which  is  located  about  two  and  one-half 
miles  north-east  of  the  village  of  South  Framingham.  This  area,  a 
more  detailed  description  of  which,  accompanied  by  a  plan,  may  be 
found  in  the  annual  report  of  the  Board  for  1892,  page  560,  covers 
about  seventy  acres,  much  of  which  is  quite  level  and  at  an  eleva- 
tion of  about  20  feet  above  Bannister  Brook.  An  area  of  about 
twelve  acres  has  been  specially  prepared  for  filtration  by  dividing  it 
into  ten  beds  of  convenient  size,  removing  most  of  the  loam,  which 
was  used  in  the  construction  of  embankments  between  the  beds,  and 
by  levelling  the  surface.  Six  of  the  beds  are  underdrained  to  a 
limited  extent. 

In  1893  about  nine  acres  of  the  prepared  beds  were  planted  with 
field  com  (maize),  and  the  remainder  with  squashes,  beans,  pota- 
toes and  cabbages.  The  crops  were  very  satisfactory,  especially  the 
field  corn,  and  received  only  ordinary  attention.  The  preparation 
of  additional  filter-beds  is  under  way  in  order  to  increase  the  area 
to  be  devoted  to  farming  purposes.  The  present  area,  however,  is 
amply  sufficient  for  the  disposal  of  the  sewage. 

A  reasonable  objection  has  often  been  made  to  the  cultivation  of 
crops  in  connection  with  intermittent  filtration,  where  the  area  is 
small,  owing  to  the  danger  that,  in  order  to  avoid  injuring  the  crops, 
the  flow  of  sewage  at  certain  seasons  of  the  year  will  either  be  con- 
centrated on  a  small  portion  of  the  area  or  allowed  to  escape  unpuri- 
fied.  In  the  case  of  Framingham,  however,  the  cultivation  of  crops 
has  had  a  favorable  effect  upon  the  purification  of  the  sewage  by  in- 
ducing the  preparation  of  additional  filter-beds,  by  loosening  the 
soil  by  ploughing  and  other  disturbances  of  the  surface  incident  to 
cultivation,  and  by  the  removal  by  the  crops  of  matters  brought  to 
the  beds  in  the  sewage. 

The  surfaces  of  nine  of  the  filter-beds  were  left  during  the  winter  of 
1893-94  in  hills  and  furrows,  and  without  disturbance,  after  the  crops 

™  ■  '■  ■■»■!■■■  ■■■■I  »■»  ^^^^^-  ■    ■  M^^^^^^^^^m^mm  ■  ■  ■■^■^.^M         m  ^i.         ■     ■    ■  ■>  ii  ^— ^^— ^ 

*  Aiialysei  of  water  from  this  nnderdrain  are  also  given  In  the  annual  reports  of  the  Board 
for  1890, 1891  and  1892,  pages  149, 131  and  126,  respectlyely.  The  first  sample  analyzed  was 
collected  before  any  sewage  had  been  admitted  to  the  sewers,  and  the  character  of  the  water  has 
not  changed  materially  since  sewage  was  admitted. 
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had  been  removed  from  them.  The  remaining  bed  was  ploughed  and 
wide  furrows  made,  about  6  feet  apart,  at  right  angles  to  the  carriers 
along  the  side  of  the  bed  from  which  the  sewage  is  applied.  It  was 
found  that  this  bed  gave  the  most  satisfactory  results,  particularly 
when  there  was  much  snow  on  the  ground.  It  is  also  to  be  noted 
that  the  beds  where  the  surface  is  left  in  hills  and  furrows  are  much 
more  efficient  in  winter  than  beds  with  level  surfaces. 

The  quality  of  the  sewage  and  of  the  effluent  from  several  different 
places  may  be  seen  by  the  tables  of  analyses  on  the  following  pages. 
The  sewage  is  ordinary  town  sewage,  discolored  and  somewhat  modi- 
fied in  character  at  times  by  a  considerable  amount  of  spent  dyes 
discharged  into  the  sewers  from  the  straw  goods  factories  in  the 
town. 

With  regard  to  the  purification  effected  at  Framingham  it  may  be 
said  that  the  conditions  for  filtration  are  very  favorable,  owing  to  the 
large  area  of  land  in  use  in  proportion  to  the  amount  of  sewage 
treated,  the  porosity  of  the  material,  which  has  an  effective  size  of 
0.32  to  0.42  millimeter,  and  the  depth  to  ground  water.  Another 
favorable  condition  is  the  high  temperature  of  the  sewage  in  winter 
(48®  to  50®  F.)  due  chiefly  to  the  fact  that  the  water  supply  of  the 
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LOSS  ov  loarmos. 

• 

1? 

i 

> 

s 

J 

'S 

t 

1 

m 

■ 
3 

88.20 

0.80 

20.40 

18.10 

20.30 

20.80 

1  25.00 

0.80 

28.20 

8.40 

12.00 

10.00 

81.20 

5.60 

12.80 

12.00 

40.60 

e.20 

21.20 

15.60 

46.00 

62.00 

68.20 

14.00 

20.40 

4.00 

12.80 

10.40 

46.20 

18.80 

27.40 

12.80 

83.20 

7.40 

15.20 

8.20 

38.80 

24.00 

80.87 

10.95 

7.30 
15.70 
1.00 
0.80 
6.80 
54.10 
3.40 

i4.eo 

7.00 


*  This  average  is  for  the  whole  year  1808,  and  includes  the  results  of  analyses  made  doring  tlic 
earlier  part  of  the  year  and  printed  in  the  preceding  annual  report. 
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town  is  taken  from  the  ground  and  has  a  winter  temperature  of  about 
49^ 

Only  a  small  portion  of  the  effluent  is  collected  by  the  underdrains 
beneath  the  beds,  and  of  this  quantity  all  or  nearly  all  again  enters 
the  ground  and  receives  a  second  iSltration  before  it  reaches  the 
brook  9  while  most  of  the  effluent  passes  for.  a  long  distance  through 
the  ground  and  appears  in  the  form  of  springs  at  the  edge  of  the  low 
land  near  the  brook.  The  existence  of  lateral  filtration  to  such  a 
marked  degree  is  believed  to  be  a  very  important  feature  of  the 
Framingham  filter-beds. 

The  average  degree  of  purification  of  the  applied  sewage  in  1893, 
as  indicated  by  the  albuminoid  ammonia  in  the  analyses,  is  as  fol- 
lows :  — 


Ptr  Cent  of 

Organic  Hatter 

Remored 

(Albuminoid 

Ammonia). 


Efflaent  at  east  nnderdraio, 
"  at  west  underdraia, 
'*      atapring, 


07.6 
98.0 
99.6 


Sewage  from  Framingham. 


[ParU  per  100.000.] 


AXMOVIA. 

• 

« 
1 

NlTSOOSN  AS 

OZTOSM  COtrSUMBD. 

IXON. 

• 

1 

ALBimnioiD. 

1 

s 

1 

1 

1 

1 

a 
D 

i 

1 

1 

• 

i 

• 

2.0000 

.SIOO 

.1640 

.1760 

4.86 

.0000 

.0000 

4.0022 

8.6860 

.0900 

.0500 

^ 

1 

1.0000 

.8700 

.1840 

.1860 

6.20 

.0100 

.0000 

6.0560 

8.2910 

.0850 

.0270 

- 

2 

2.7300 

.2000 

.1140 

.0860 

5.40 

.0000 

.0000 

8.1200 

2.8080 

.0400 

.0400 

5.1 

8 

2.8800 

.8280 

.2140 

.1140 

6.80 

.0050 

.0000 

1.5580 

1.1480 

.2400 

.1240 

5.9 

4 

l.OOOO 

.2090 

.1900 

.0720 

8.00 

.0050 

.0000  1 

8.6855 

2.9160 

.1160 

.1000 

5.1 

5 

2.U0O 

,     .4880 

.2340 

.2140 

6.75 

.0000 

.0000 

6.2800 

8.1200 

.1200 

.0520 

5.1 

6 

1.9840 

'     .8040 

.3100 

.0840 

4.70 

.0050 

.0000 

4.8575 

2.1165 

.0060 

.0520 

5.8 

7 

4.0000 

1     .5840 

1 

.3000 

.1040 

5.80 

.0050 

.0000 

21.8150 

2.9580 

.8800 

.2300 

4.7 

8 

2.0800 

1     .3440 

.2700 

.0740 

5.89 

.0000 

.0250 

1 

4.1440 

8.0610 

.0700 

.0560 

6.1 

'  5.8 

1 

9 

2.008 

.4006 

.2152 

.1854 

1 

5.22 

.0185 

.0115 

- 

1 

.1290 

.0720 

10 

Odor,  offenahre.  —  Tbe  lewag*  waa  collected  aa  it  flowed  oat  upon  the  filter- beda. 


570 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc 


Chemical  Examination  of  Effluent  from  tie  Evi 

[Part*  per  100,000.] 


N  amber. 

Date  of  Collec- 
tion. 

Appkarahcb. 

Odob. 

• 

e 

§ 

i 

o 

i 

1 

i 

1 

2 
3 
4 
5 
6 
7 
8 
9 

10800 
10026 
11007 
11083 
11186 
11285 
11324 
11416 
11493 

1898. 

Aug.  15 

Aug.  80 
Sept.  11 
Sept.  25 
Oct.   12 
Nov.    1 
Nov.  10 
Nov.  29 
Dee.  13 

Slight. 

DiStiDCt. 

None. 

Very  slight. 
DisUnct,  milky. 
Distinct,  milky. 
Very  slight. 
Very  slight. 
SUght. 

Very  slight. 
Slight,  white. 
Slight. 
Cons. 
Blight. 
Slight. 

Blight,  white. 
Very  slight. 
Very  slight. 

0.02 
0.02 
0.00 
0.00 
0.05 
0.06 
0.00 
0.02 
0.00 

1 

Distinctly 

disagreeable. 
Distinctly  musty. 

None. 

Distinctly  musty. 

Offensive. 

Decidedly  musty. 

Very  faintly 

musty. 

Very  faintly 

musty. 

None. 

Difltlnc  ly 

dlsagreesbh. 
Very  blDt  or  none. 

None 

Very  faintly 

Deddedly  niioty. 

Decidedly  niMty. 

DiittDCtly  mofty. 

Decidedly  mutty. 

Very  f  slot  or  Booe. 

10 

Av.* 

0.(^ 

1 

*  The  average  given  here  includes  the  results  of  analyses  made  during  the  earlier  part  of  the  ycsr 
and  printed  in  the  preceding  annual  report.    No  analyses  were  made  in  January  or  Febraaiy. 


Chemical  Examinaiion  of  Effluent  from  the  Wai 

[Parts  per  100,000.] 


a 

o 

Date  of  Collf  c- 

Appbaravck. 

Odok. 

i 

JO 

u 
9 

a 
1 

1 

i 

a 

• 

1 

• 

s 

1 

10808 

1898.* 

Aug.  15 

Very  slight. 

Slight. 

0.03 

None. 

Faintly  mnity. 

2 
3 

10925 

11008 

j 

Aug.  30 
Sept.  11 

Very  slight. 
Very  slight. 

Very  slight. 
Slight. 

0.02 
0.00 

None. 
None. 

VeryfWnUy    ^ 

moDiay* 
DisUnct. 

4 

5 

11082 
11185 

Sept.  25 
Oct.    12 

None. 
None* 

Considerable, 
yellowish. 
Very  slight. 

0.02 
0.08 

Faintly  musty. 
None. 

Distinctly      ,  ^ 
•veetUh- 
Fahitly  motty. 

6 

11284 

Nov.    1 

None. 

1 

Slight. 

0.02 

None. 

DisancUymn*^- 

7 
8 

11328 
11415 

Nov.  10 
Nov.  29 

Very  slight. 
1  None. 

Slight. 

yellowish. 
Very  slight. 

0.00 
0.00 

Very  faint  or  none. 
None. 

DlBtloctlyaiBKy. 
DlstIncUymn««y- 

9 

11492 

Dec.  13 

1 

'  None. 

Slight,  earthy. 

0.00 

None. 

1 

Very  hint  or  nose. 

10 

Av.* 

0.04 

1 

1 



*  This  average  Is  for  the  whole  year  1808,  and  includes  the  results  of  analyses  made  during  the  eufi* 
part  of  the  year  and  printed  in  the  preceding  annual  report. 
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Underdrain  at  the  Framingham  Filler-beds. 

[ParU  par  100,000.] 


d 

Ammonia.          \ 

NiTIOCKV  AS       .     . 

• 

s  1 

♦ 

! 

■ 

1 

< 

• 

a 

1 

e 

■ 

1 

E 

8 

^       1 

si 

1     o 

• 

1 

• 

e 

s 

^•4 

1 
36.50      ! 

.0720 

.0060 

1 

4.80 

2.4000 

.0120 

1 

.1501 

6.2 

.0100 

1 

27. SO 

.0610 

.0010 

8.80 

1.5000           .0080 

'       .1650 

5.4 

.0120 

2 

16.70 

.0280 

.0060 

2.58 

1 

1.3000           .0070 

1      .1716 

3.0 

.0400 

8 

10.10 

.0560 

.0060 

3.80 

'      1.0000 

1 

.0010 

.0788 

1 

3.6 

.0050 

4 

20.70 

1       .1480 

.0370 

5.45 

1.2000 

.0000      . 

.3442 

8.1 

.0200 

5 

28.40 

.1820 

.0110 

5.01 

1.0000 

.0000 

.8080 

7.1 

.0120 

6 

20.10 

1       .0400 

.0040 

5.22 

1.4000 

.0060 

.1826 

6.4 

.0040 

7 

26.80 

.0000 

.0040 

3.80 

1.7000 

.0120 

.1014 

1 

6.0 

.0000 

8 

28.80 

.1120 

.0040 

4.07 

1.8000 

.0050 

1       .1504 

1 

0.0 

.0200 

0 

24.70 

.1786 

1 

.0005 

8.85 

1 

1.2202 

.0074      ! 

- 

5.6 

.0114 

10 

The  samples  were  eolleeied  from  the  nnderdndn  at  its  outlet. 


Underdrain  at  the  Framingham  Filter-beds, 

[ParU  per  100,000.] 


e 

Ammonia. 

6 

KiTBOOKN  AS 

Oxygen 

Consumed. 

i 

B 

1 

03 

Iron. 

■^^ 

1' 

1 

1 

a 

a 
5 

i 

t 

Nitrites. 

20.80 

t      .0480 

1 

.0080 

1 

4.00 

1.6000 

1 

.0100 

.1422 

7,6 

.0060 

1 

27.10 

.0520 

.0050 

4.17 

1.6000 

.0040 

.1106 

6.1 

.0150 

2 

28.70 

1       .0820 

.0030 

3.08 

1.7000 

.0080 

.1014 

7.3 

.0100 

3 

28.00 

.0600 

.0150 

3.70 

1.4000 

.0050 

.0048 

5.0 

.0100 

4 

25.60 

.0160 

.0030 

3.62 

1.8000 

.0010 

1 

.1417 

5.1 

.0060 

5 

24.00 

.0280 

.0050 

3.58 

1.0500 

.0060 

.1320 

5.1 

.0040 

6 

S4.70 

.0320 

.0040 

3.07 

1.2000 

.0040 

.1618 

5.4 

.0040 

7 

26.00 

.0400 

.0040 

3.46 

1.1000 

•0050 

.1006 

5.1 

.0180 

8 

26.10 

.0560 

.0040 

3.63 

1.6000 

.0030 

1       .1584 

5.6 

.0140 

0 

1 

23.55 

.1071 

.0080 

8.64 

1 

Ij       1.0360 

.0045 

1 

5.3 

.0008 

1  10 

The  asmples  were  collected  from  the  underdrain  at  Its  outlet. 
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Chemical  Examination  of  Water  from  a  Spring  near  Battniittr 

[ParU  per  100,000.] 


i 

a 

a 

Date  of  Collec- 
tion. 

Appbarancb.                       ! 

Odob. 

B 

«< 

Color. 

t 

■ 

1 

10810 

1898. 

Aag.   16 

None. 

None. 

0.0 

None. 

None. 

2 

10027 

Aug.  80 

None. 

Very  alight. 

0.0 

None. 

None. 

3 

11000 

Sept.  11 1 

None. 

None. 

0.0 

None. 

None. 

4 

11084 

8«pt.  26  1 

None. 

Slight. 

0.0 

None. 

None. 

5 

11187 

Oct.     12  1 

None. 

Very  alight. 

0.0 

None. 

None. 

6 

11280 

Nov.     1 

None. 

None. 

0.0 

None. 

None. 

7 

11825 

Nov.    10 

None. 

None. 

0.0 

None. 

None. 

8 

11417 

Nov.    20  ' 

None. 

None. 

0.0 

None. 

None. 

9 

11404 

Deo.    13 

None. 

None. 

0.0 

None. 

None. 

10 

Av.* 

1 

0.0 

'i 
1 

1 

1 

*  The  average  given  here  indudea  the  reaulta  of  analyaea  made  during  the  earlier  part  of 


Chemical  Examination  of  Water  from  Bannister  Brook  below  the  Framingham 

Filter-beds, 

[Parta  per  100,000.] 


I 


10001 
11010 
11085 
11188 
11287 
11826 
11418 
Av. 


o 

a 

<»« 

o 

S 

m 


1898. 

Feb.   13 

Sept.  11 
Sept.  25 
Oct.  12 
Nov.  1 
Nov.  10 
Nov.  20 


Appbabaxcb. 


$ 

g 


«i 

a 


2  I 

a  I 


Slight. 

DlBtinct. 

Slight. 

Slight, 
clayey. 
Blight. 

Diatinct, 

cla' 
BUg] 


clayey. 
"    tht. 


Cona., 
brown. 
Blight. 

Slight. 

V.  alight. 

Blight. 


KKSIUUK 

ON  £VAPO- 

BATION. 


I 


e 
o 


1.80 
0.70 
0.52 
0.55 


5.00 
8.75 
8.50 

17.75 


1.50/8.25 


V.  Blight.  1.40 


Slight. 


0.95 

I 


7.85 
6.55 


1.151 


7.37 


3.05 
3.05 
1.00 
2.20 
2.85 
2.65 
2.60 
2.67 


Ammoitia. 


ALBUMIHOID. 


► 

1 


1 

6 

& 

S 
00 


.0040 


.0204 


.0012  .0160 


.0014 
.0030 
.0026 
.0026 
.0018 


.0026 


.0102 
.0156 
.0282 
.0270 
.0450 
.0259 


.0252 
.0122 
.0128 
.0122 
.0202 
.0250 
.0264 


.0207 


.0042 
.0038 
.0084 
.0034> 
.0020 
.0020 
.0186 


a 

A 

ja 
U 


.0052 


0.35 

1.88 

1.60 

1.16 

|0.06 

,0.071' 

0.86 


NiTBOOBB 
A8 


i 

8 


0.06 

I 


0250 
.1200 
1000 
,0280 
0290 
0450 
0380 
0505 


I 


o 
a 

M 

O 


B 
h 


.000]l'1.48m.7 
.0002|  0.514Si.S 

.0003!  0.41822.5 

I 

.0010,'  0.40003.5 

!l 
.0004,  1.1480S.5 

'I 

.0008,  i.imu 


.0001 


.0003 


1.0SSH.5 
0.90081.5 


Odor,  distinctly  vegetable,  rarely  mouldy.    On  heating  the  odor  ia  generally  atronger  and  f reqii«o(l7 

monldy  or  unpleaaant. The  aamplea  were  collectod  from  the  brook  at  the  firat  road  eroenog  bdov 

the  aewage  field. 
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Brook,  which  receives  Effluent  from  the  Framingham  Filter-beds. 

[Parti  per  100,000.] 


14.80 
14.10 
13.50 
18.45 
14.70 
15.50 
14.25 
14.80 
14.00 


13.45 


Ammokia. 


m 

O 

C 

*§ 

i 

£ 

Ut 

■< 

.0000 
.0006 
.0000 
.0000 
.0004 
.0000 
.0000 
.0000 
.0000 


.0001 


.0010 
.0022 
.0000 
.0016 
.0004 
.0000 
.0008 
.0012 
.0010 


.0014 


e 


2.77 
2.80 
2.66 
2.72 
2.81 
2.08 
8.17 
2.54 
2.63 


2.76 


NiTROOKll  AS 


s 

1 


I 

s 


.4500 
.7000 
.7000 
.5000 
.5250 
.5500 
.6000 
.6000 
.5800 
.5096 


.0000 
.0000 
.0000 
.0000 
.0000 
.0001 
.0000 
.0000 
.0000 


•a 
« 

B 


a 

6 


M 

o 


s 


e 


.0000 


.0270 
.0558 
.0078 
.0410 
.0445 
.0400 
.0006 
.0670 
.0482 


8.4 

.0050 

2.9 

.0000 

4.2 

.0000 

3.6 

.0025 

8.9 

.0040 

4.4 

.0000 

4.0 

.0000 

8.9 

.0000 

4.6 

.0050 

8.6 

.0080 

1 

2 
8 

4 
5 
6 
7 
8 
0 
10 


the  year  and  printed  In  the  preceding  annual  report.    No  analyses  were  made  In  January. 


Sewage  Disposal  at  Gardner. 

The  Gardner  sewerage  system  was  put  in  operation  about  Aug.  1 , 
1891.  At  the  end  of  1893  there  were  161  connections  with  the 
sewers,  120  of  which  were  from  dwelling-houses  and  the  remainder 
from  factories,  business  blocks,  hotels  and  public  buildings.  The 
population  of  the  town  in  1890  was  8,424.  With  the  exception  of 
roof-water,  used  for  flushing  purposes,  from  a  limited  number  of 
buildings  at  the  upper  ends  of  the  sewers,  surface  water  is  excluded. 
The  quantity  of  sewage  is  not  definitely  known,  but  it  is  probably 
not  far  from  200,000  gallons  per  day  in  dry  weather. 

The  tract  purchased  by  the  town  for  the  disposal  of  the  sewage 
contains  16.9  acres.  Much  of  the  material  upon  this  tract  was  found 
to  be  too  fine  for  the  filtration  of  sewage,  and,  as  a  result,  the  filter- 
beds  are  almost  wholly  artificial,  being  formed  of  the  porous  sand  and 
gravel  from  a  ridge  upon  this  tract.  There  are  twelve  thoroughly 
underdrained  filter-beds  for  the  disposal  of  sewage,  having  a  total  area 
of  1.39  acres,  two  supplementary  beds  which  are  less  porous  and  not 
underdrained,  having  a  total  area  of  0.37  acre,  and  two  other  small 
underdrained  beds,  containing  together  0.14  acre.     One   of  these 
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small  beds  is  used  to  receive  the  sludge  from  the  sludge  tank,  and 
the  other  to  receive  the  discharge  from  a  blow-oflF  located  at  the 
lowest  point  in  the  pipe  leading  from  the  town,  which,  for  the  last 
1,050  feet  of  its  length  where  it  crosses  the  valley  of  Pond  Brook, 
is  an  inverted  siphon.  This  bed  was  not  used  in  1893,  however, 
because  it  has  been  found  that  if  clogging  occurs  the  sewage  backs  up 
in  the  pipe  until  sufficient  head  is  obtained  to  remove  the  obstructioD. 
The  material  of  the  filter-beds  has  an  effective  size  of  0.10  to  0.24 
millimeter,  which  is  somewhat  coarser  than  at  Marlborough  bat  much 
finer  than  at  Framingham.  The  underdrains  beneath  the  beds  are 
generally  twenty  feet  apart  and  at  a  depth  of  from  four  to  five  feet 
below  the  surface  of  the  beds. 

The  sewage,  when  it  reaches  the  disposal  area,  first  passes  through 
duplicate  separating  tanks  having  a  total  capacity  of  about  10,000 
gallons,  and  overflows  through  wooden  troughs  upon  the  disposal 
area,  as  described  in  the  annual  report  of  the  Board  for  1892,  page 
580. 

It  has  been  the  custom,  except  during  the  winter  months,  to  apply 
sewage  to  one-half  of  the  beds  one  day  and  the  other  half  the  next, 
and  once  in  ten  days  or  two  weeks  to  remove  one-eighth  to  one- 
quarter  inch  of  scum  and  clogged  sand,  and  afterward  to  rake  to  a 
depth  of  about  1.5  inches  to  loosen  the  material.  Below  this  depth 
the  material  is  compact  to  a  depth  of  several  inches. 


[Parta  p«r  100,000.] 


Chemical  ExaminaUon  of 


m 

a 

o 

1 

o 

^ 

z 

o 

E 

B 

1 

K 

a 

1 

2 
3 

4 

5 
6 
7 
8 
9 
10 

11 


10705 
10920 

11002 

11097 
11180 
11268 
11334 
11410 
11487 
11556 


1A93. 

Aug.  14 
Aug.  80 

Sept.  11 

Sept.  27 
Oct.  12 
Oct.  80 
Nov.  14 
Nov.  28 
Dec.  13 
Deo.  27 


Av.» 


Appkabanck. 


I 


e 

I 

09 


Thick. 
Decided, 

milky. 
Decided, 

thick. 
Decided. 
Decided. 
Decided. 
Decided. 
Decided. 
Very  thick. 
Thick. 


Heavy,  dark. 
Cods. 

Heavy. 

Heavy,  gray. 
Heavy,  gray. 
Heavy,  gray. 
Heavy,  gray. 
Heavy,  gray. 
Heavy. 
Cons.,  white. 


o 

a 


0.90 
0.50 

0.50 

0.70 
1.20 
1.20 
0.60 
0.60 
0.70 
0.60 


0.61 


BBSIDUK  ok  EVAPOBATIOX. 


TOTAL  KBSIDDB. 

• 

•9 

1 

> 

a 

• 

s 

m 

t 

m 

A 

•S 

a 

H 

a 

00 

LOSS  ON  lOVITlOy. 


04.50 
28.40 

60.10 

32.80 
46.40 
36.60 
29.20 
35.80 
43.20 
28.80 


83.85 


45.80 
19.10 

25.80 

21.80 
25.40 
24.00 
18.40 
20.40 
20.80 
23.20 


20.90 


19.20 
0.30 

34.30 

11.00 
21.00 
12.60 
10.80 
15.40 
22.40 
5.60 


o 


32.80 
15.40 

41.10 

18.00 
29.20 
19.00 
13.60 
16.40 
80.00 
17.80 


12.45  II  19.01 

.1 


>     I 


17.30 
7.40 

13.60 

10.00 

11.60 

9.00 

7.00 

8.00 

10.20 

12.20 


9.23 


e 

a, 
■ 

9 


14.90 

8.00 

ST.M 

S.OO 

17.» 

10.00 

6.60 

8.40 

19.S0 

5.60 


*  This  average  is  for  the  whole  year  1898,  and  Includes  the  results  of  analyses  made  darliiK  tlie 
earlier  part  of  the  year  and  printed  in  the  preceding  annual  report. 
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The  results  obtained  at  Gardner  have  been  satisfactory  in  the  sum* 
mer^  but,  as  stated  in  the  last  annual  report,  in  order  to  obtain  these 
results  it  has  been  necessary  to  attend  carefully  to  the  distribution  of 
the  sewage  upon  the  different  beds,  and  to  remove  at  frequent  inter- 
vals the  scum  which  forms  upon  them.  During  cold  weather  when 
the  removal  of  this  scum  is  prevented  by  snow  and  ice  upon  the 
beds,  it  has  not  been  found  practicable  to  filter  the  sewage  upon  the 
small  area  provided,  and  a  portion  of  it  has  overflowed  into  the 
brook.  In  December,  1893,  the  surfaces  of  the  filter-beds  remained 
smooth,  and  were  unprepared  by  ridging  or  otherwise  for  use  in 
cold  weather,  and  during  the  latter  part  of  the  month  the  sewage 
froze  to  the  surfaces  of  some  of  the  beds.  The  remaining  beds  were 
used  beyond  their  capacity  and  remained  constantly  covered  with 
sewage,  thereby  making  the  filtration  continuous,  while  a  consider- 
able quantity  of  sewage  overflowed  into  the  brook.  The  effluent  of 
the  portion  of  the  sewage  filtered  through  the  beds  deteriorated  in 
quality  when  cold  weather  began. 

The  analyses  of  sewage  and .  effluent  from  the  Gardner  filter- 
beds,  from  August  to  December,  1893,  are  given  in  the  following 
table.  The  averages  of  analyses  for  the  whole  year  1893  show  that, 
of  the  sewage  filtered,  91.1  per  cent,  of  the  organic  matter  (as 
represented  by  the  albuminoid  ammonia)  was  removed  from  the 
sewage  by  filtration. 


Sewage  from  Gardner, 


[Paris  per  100,000.] 


Ammohia. 

i  ' 

1 

2 

NlTKO< 

m 

8 

s 

»M  AS 

OXTQBX  COXIUMKD. 

Ikon. 

8 

ALSmiXOID. 

1 

■ 

m 

» 

V 

s 

a 

1 

nflUered. 

iltercd. 

1 

1 

i 

> 

1 

1 

s 

k 

H 

QC 

o 

55 

»5 

^ 

h. 

1      s 

Pk 

S 

1.9200 

.8260 

.5160 

.3100  , 

10.77 

.0000 

.0000 

1    8.4688 

3.0105 

1 
1 

1 

1.7000 

.4380 

.2220 

.2160 

3.20 

1 

.0000 

.0000 

4.0132 

1.8960 

.0760 

.0330 

- 

2 

3.2000 

.6640 

.3200 

.3440 

2.97 

.0000 

.0010 

1    4.0520 

2.5740 

.1850 

.0400  1 

2.4 

3 

2.5600 

.7080 

.3620 

.8460 

'3.40' 

.0050 

.0010  ' 

4.3870 

1.9680 

.0440 

.0200 

4.0 

4 

2.8800 

.7420 

.4000 

.3420  1 

6.08 

.0050 

.0000 

.    4.7790 

2.3490 

.1640 

.0200 

6.6 

5 

1.9200 

.4700 

.2260 

.2440 

3.22 

.0000 

.0000 

6.3075 

3.9150 

.9000 

.0280 

3.9 

6 

2.0240 

.4740 

.2380 

.2860 

,  3.43 

.0000 

.0000 

1    4.3100 

2.7390 

.0800 

.0300 

3.5 

7 

2.2400 

'     .5800 

.2920 

.2880 

4.96 

.0050 

.0400 

'     5.7190 

8.3110 

.2520 

.0400  ; 

3.8 

8 

2.3680 

.6240 

.3220 

.3020 

3.00 

.0250 

.0100 

5.0400 

3.4000     1 

.OMO 

.0240 

3.6 

0 

1.6680 

.2520 

.1540 

.0080  1 

2.90 

1 

.2000 

.0200 

1 

I     2.1175 

1.8095 

.0300 

.0140 

3.8 

1 

10 

1.8767 

.4760 

.2577 

.2192 

3.48  ' 

.0212 

.0059 

- 

.1142 

.0262 

3.6 

11 

Odor,  offenelTe.— -The  sewage  was  collected  as  it  flowed  upon  the  beds. 
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Chemical  Examinaiion  of  Effluent  from  iht 

[ParU  per  100,000.] 


B 

a 


• 


1 

10,706 

2 

10,021 

3 

11,008 

4 

11,008 

6 

11,181 

6 

11,200 

7 

11,885 

8 

11,411 

0 

11,488 

10 

11,567 

11 

Av.* 

1A9S.* 

Ang.  14 

Ang.  80 
Sept.  11 
Uept.  27 
Oct.  12 
Oct.  90 
Nov.  14 
Nov.  28 
Dec.  18 
Dec.  27 


Appkarahcb. 


a 

oc 


5 
o 


Slight,  milky. 
Slight,  milky. 
Blight,  milky. 
SUght,  milky. 
Slight,  mUky. 
Very  elight. 
Very  alight. 
Dlatinet. 
Slight,  milky. 
Distinct,  milky. 


Slight,  white. 

Very  alight. 

Very  alight. 

Very  alight. 

Very  alight. 

Very  alight. 

None. 

Conaiderable, 
white. 
Slight. 

Slight. 


0.12 
0.10 
0.06 
0.12 
0.03 
0.02 
0.02 
0.20 
0.12 
0.10 


0.16 


Odoi. 


s 


Decidedly 

diaagreeable. 
Decidedly  mnaty. 

Diatlnctly  mnaty. 

Decidedly  mnaty. 

Offenaive. 

Decidedly  mnaty. 

Decidedly  mnaty. 

Offenaive. 

Dlatioctly  mnaty. 

Decidedly  muaty. 


Offenatve. 
Decidedly  moKj. 
Decidedly  miutj. 
Decidedly  moit)*. 
Decidedly  mnsty. 
Offenaive. 
Decidedly  moity. 
Offenaiv?. 
Diatlnctly  oasty. 
Offlenalve. 


*  The  average  given  here  Inclndea  the  reaulta  of  analyaea  made  during  the  earlier  part  of  the  yev 
and  printed  in  the  preceding  annual  report. 


Chemical  Examination  of  Water  from  Pond  Brook  above  the  Gardner  FiUer-beds. 

[Parta  per  100,000.] 


II 

RasiDUK  I 

1         1  „ 

• 

Appbakakob. 

omEvapo- 

AKMOnA. 

1 

^ITBOOBX 

i  ! 

Date  of  Collection 

■ATIOM 

1 

AB          1 

B    1 

• 

•0 

1 

9 

1     ^ 

B 

a 

1 

1 

■ 

• 

1 

Loss  on 

Ignition. 

ALBUMINOID. 

I 

£  1 

9 
■ 

c 

5!5 

1 

1 

1 

• 

1 

1 
1 

1 

1 

4 

e 

i 

Nitratea. 

0 

«      S 

-  If 
0  1  = 

1 
18»8.   1 

1 
1 

1 

\ 

11004 

Sept.  11     Slight. 

1 

Slight. 

0.18i  19.70 

5.80 

.0032 

.0180 

.0102 

.0018 

4.09'.065O 

.WHO 

.8198  9.1 

11090 

Sept.  27 

Slight. 

Slight. 

0.18il9.66  3.20 

.0056 

.0182 

.0106 

.0016 

5.44 '.0400 

.0020 

.4510  9.1 

11182 

Oct.   12' 

milky. 
Slight, 

Slight. 

0.18  24.90  4.80 

.0114 

.0246 

.0214 

.0032 

O.87L028O 

1 
.0023 

.4ffl2U-5 

11270 

1      milky. 
Oct.  30     Distinct, 

V.  alight. 

1 

0.45  14.30  3.90 

.0860 

.0250 

.0130 

.0120 

1 
2.77'. 0800 

1 
.0050 

.M16  4.« 

1      milky. 

1 

1 

I 

11336 

Nov.  14     Slight. 

Cona. 

0.18|  10.50 

3.20 

.0310 

.0180 

.0130 

.0050 

2.28^'.0800 

.0010 

.8486  4.2 

11412 

Nov.  28*  Decided. 

1 

Heavy, 

0.50,  11.50 

3.80 

.0338 

.0650 

.0312 

.0238 

'  1.98  .1250.0020 

r 

12.41,1.1700.0010 

l2.40»  S.6 

11489 

Dec.  13  1 

Distinct. 

Cons., 

0.15  ,12.70' 3.00 

.0640 

.0270 

.0210 

.0060 

1  .81W  4.5 

1      milky. 

brown. 

1 

1        1 
1 

1 ._ 

Av. 

0.26 

16.18 

3.06 

.0264 

I 

.0265 

.0189 

.0076 

3.75  .(«ini.M192 

.6941  6.6 

1 



I        i 

■ 

1 

^^n 

Iron,  .0200.    Odor  generally  diatlnctly  muaty,  occaalonally  offenaive. The  aamplea  weraeolleded 

from  the  brook  above  the  point  where  it  is  croaaed  by  the  main  aewer  leading  to  the  filter-beds. 
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Main  Underdrain  of  the  Gardner  Filter-beds, 

[ParU  per  100,000.] 


e 
% 

IS 


21.00 
17.00 
18.80 
13.50 
36.10 
14.90 
14.10 
13.40 
11.90 
11.00 


14.70 


AMMOinA. 

1 

•o 

o 

e 

a 

t 

% 



•< 

II 


.4400 
.1200 
.OMO 
.0920 
.1080 
.2340 
.0880 
.6080 
.8000 
.8400 


.4628 


.0810 
.0380 
.0240 
.0150 
.0180 
.0130 
.0000 
.0660 
.0860 
.0390 


.0428 


1 

e 


1.97 
2.00 
1.61 
1.6T 
2.41 
2.17 
2.42 
2.43 
2.01 
1.96 


2.08 


KmOGBK  AS 


■ 

s 


2.4000 
l.SOOO 
1.4000 
1.0000 
8.9900 
0.8600 
0.8200 
0.6600 
0  8900 
0.9000 


0.7788 


i 


.1600 
.0240 
.0100 
.0090 
.0800 
.0600 
.0100 
.0500 
.0020 
.0090 


.0267 


'    t 

fl 

o 

1^ 

i 

a 

1 

• 

i 

° 

B 

¥^ 

.5767 
.2765 
.2808 
.2634 
.8726 
.8741 
.3789 
.6794 
.8720 
.8937 


5.8 

.0000 

4.7 

.0100 

6.8 

.0050 

4.4 

.0080 

11.9 

.0100 

8.8 

.0020 

8.5 

.0100 

3.7 

.0130 

3.6 

.0060 

8.0 

.0050 

4.1 

.0266 

1 

3 
8 
4 
5 
6 
7 
8 
9 
10 
11 


The  Munplee  were  eolleeted  from  the  main  anderdrmln  at  the  point  where  It  dleohargee  Into  the 
brook. 


\Chemical  Examinalion  of  WaUrJrom  Pond  Brook  below  the  Gardner  Filter-beds, 

[ParU  per  100,000.] 


B 

B 


11005 
11100 
11188 
11271 
11387 
11413 
11400 

At. 


I 
o 


1898. 

Sept.  11 

Sept.  37 
Oet.  13 
Oct.  80 
Not.  14 
KoT.  38 
Deo   13 


AFFBABAXCa. 


0 


e 


o 


SUght. 

Sttght, 
milky. 

Slight, 
milky. 

y.Bllgh^ 
milky. 

Slight. 

Deoided. 

SUght, 
milky. 


Slight. 

Cons., 

floo. 
SUght. 

y.  alight. 

C<ma. 

HeaTy, 

BUgEt!^' 


Resiook 

OK  CVAPO- 
BATIOV. 


-a 


e 


I 


0.38 
0.18 
0.15 
0.45 
0.18 
0.50 
0.12 

0.28 


30.70 
17.75 
89.00 
18.30 
10.60 
10.70 
12.30 

17.75 


7.10 
8.25 
19.50 
8.60 
8.50 
8.60 
3.00 


6.08 


Ajuigkia. 


I 


.0126 
.0180 
.0860 
.0560 
.0420 
.0816 
.1440 


.0550 


ALBCMmOID. 


I 

s 

5 


I 

00 


.0904 
.0118 
.0140 
.0180 
.0190 
.0868 


.0183  .0022 


.0114 
.0000 
.0090 


.0004 
.0050 
.0040 


i 

I 


.0180  .0060 


.0352 


.0106 
.0340  .0200  .004o' 


.0197 


.0151 


4.25 
14.63 
6.80 
2.64 
2.27 
1.84 
2.18 


.0046, 


3.46 


NiTBOOBV 


i 


i 

X 


.9000 
.2000 
.3000 
.3800 
.1300 
.1350 
.3000 


.0060 
.0035 
.0040 
.0120 
.0020 
.0040 
.0010 


i 


i 


.1850  .0041 


.8009 

.4059 
.4698 
.6177 
.8786 
1.9780 
.3586 


.6427 


8.9 
8.4 
11.6 
4.4 
4.3 
8.3 
4.3 

6.4 


Iron, .  0233.  Odor  generally  dletinctly  mnaty ,  oecaalonally  offenilTe.  — >-  The  earn  plea  were  eoUeoted 
from  the  brook  below  the  filter-beds,  and  below  the  pointa  where  effluent  from  the  fllter-beda  entera  the 
•tream. 
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Sewage  Disposal  at  Lenox. 

The  village  of  Lenox  is  situated  upon  high  land,  from  which  the 
ground  slopes  to  the  west,  south  and  east.  The  first  attempt  at  sew- 
age purification  was  made  in  1876  at  a  small  field  upon  the  westerly 
slope  of  the  hill.  In  1881  the  sewage  of  a  few  houses  on  the  southerly 
slope  of  the  hill  was  conveyed  to  a  small  tract  of  land  at  the  foot  of 
the  hill  in  the  town  of  Stockbridge  and  there  disposed  of.  In  1888 
the  principal  sewerage  system  of  the  town  was  completed,  and  by  it 
the  sewage  is  conveyed  to  a  disposal  field  about  two  miles  east  of  the 
village  and  near  the  Housatonic  River. 

This  system  diverted  much  of  the  sewage  which  formerly  went  to 
the  small  field  on  the  westerly  slope  of  the  hill,  but,  notwithstanding 
the  reduced  quantity  of  sewage  going  to  this  field  and  the  small 
quantity  going  to  the  southerly  field,  the  neighboring  land  owners 
objected  to  the  use  of  these  areas  for  sewage  disposal,  and  in  De- 
cember, 1893,  works  were  completed  for  collecting  the  sewage  of 
the  westerly  and  southerly  slopes  at  a  pumping  station  west  of  the 
village  and  for  pumping  it  into  the  main  system  of  sewers  leading  to 
the  easterly  field,  which  will  be  the  only  one  in  use  after  the  pump- 
ing station  is  operated. 

The  sewers  of  Lenox  are  pipe  sewers,  and  storm- water  is  excluded 
from  them,  except  a  small  quantity  of  roof-water,  which  is  admitted 
for  flushing  purposes.  There  are  said  to  be  about  1,000  persons 
connected  with  the  system  ordinarily,  but  during  the  summer  season 
the  number  is  more  than  doubled. 

The  main  pipe  leading  from  the  village  to  the  easterly  disposal 
field  is  twelve  inches  in  diameter,  and  ends  at  a  settling  tank  on  the 
upper  portion  of  the  hillside,  about  800  feet  from  the  Housatonic 
River.  The  tank  is  of  masonry,  and  has  two  separate  compartments. 
There  are  two  overflow  pipes,  one  discharging  into  a  pipe  connecting 
with  the  sub-surface  disposal  system  and  the  other  with  a  pipe  which 
has  a  direct  connection  with  the  river.  There  is  also  a  pipe  at  the 
bottom  of  the  tank  through  which  the  sludge  can  be  run  out  when- 
ever the  tank  needs  cleaning. 

The  sewage  is  disposed  of  beneath  the  surface  by  turning  it  into 
stone  drains,  which  are  long,  nearly-level  trenches,  filled  with  stone 
up  to  within  a  short  distance  of  the  surface,  and  above  the  stone 
with  earth  and  loam.  In  addition  to  the  stone  the  trench  contains  a 
six-inch  Akron  pipe,  with  open  joints,  through  which  the  sewage 
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from  the  settling  tank  is  conveyed  to  the  drains.  These  drains  vary 
in  length  from  200  to  800  feet. 

Beneath  these  stone  drains  are  underdrains,  about  thirty  feet  apart, 
running  down  hill  toward  the  river.  The  underdrains  are  laid  with 
tight  joints  where  they  pass  beneath  the  stone  drains  and  with  open 
joints  between  the  drains. 

The  material  of  the  disposal  field  is  compact  and  nearly  imper- 
vious, so  that  only  a  portion  of  the  sewage  will  filter  through  the 
ground  and  the  remainder  flows  out  from  the  stone  drains  upon  the 
surface  through  relief  pipes  which  have  been  laid  at  their  farther 
ends,  or  passes  oflF  into  the  river  through  one  of  the  overflow  pipes 
at  the  settling  tank. 

In  the  following  table  will  be  found  analyses  of  sewage  and 
effluent  taken  from  diflerent  points  of  the  Lenox  system.  The  sew- 
age is  very  dilute,  owing  to  the  large  amount  of  ground  water  enter- 
ing the  sewers.  It  may  be  noticed,  by  reference  to  the  table,  that 
the  second  and  third  samples,  taken  from  the  settling  tank  after 
some  precipitation  had  taken  place  and  from  the  ends  of  the  stone 
drains,  are  much  less  impure  than  the  first  sample,  which  was  col- 
lected from  the  main  sewer.  There  was,  doubtless,  some  improve- 
ment in  quality  caused  by  the  passage  of  the  sewage  through  the 
settling  tank  and  through  the  drains,  but  the  bulk  of  the  difierence 
is  probably  due  to  the  fact  that  the  sewage  from  the  main  sewer 
represented  the  day  sewage,  while  the  samples  from  the  tank  and 
drains  represented  to  a  greater  extent  the  night  flow,  the  larger  pro- 
portion of  which  is  ground  water. 

Chemical  Examination  of  Sewage  and  Effluent  from  the  Lenox  Sewage 

Purijicaiion  Works, 

[ParU  per  100,000. J 
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0.28 
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Dec.  11 
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0.15 
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4.80 

8.00 
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0.15 
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0.00 
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1 

v.  ■light. 

1 
1 

gray. 
Cons., 
dark. 

0.02 

1 

1 
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musty. 

musty.  1          1 
v.  faint       30.80  29.40 
or  none. '           | 
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580 
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Chemical  Examinalioyi  of  Sewage  and  Efflueixt  from  the  Lenox  Sewage 

Purification  Works  —  CoDcluded. 

[ParU  per  100,000.] 


AmcowiA. 

Chlorine. 

Kinoon  AS 

OXTOKV 
COKSUMBD. 

1 

i 

B 

I 

IBOV. 

ALBDVUrOID. 

• 

S 

1 

S 

S 

B 

1 

B 

a 

• 

1 

^ 

1 

1 

e 

1 

B 
CO 

■ 

1 

1 

1.2000 

.2240 

.0080 

.1200 

1.80 

.0060 

.0000 

8.2000 

1.0800 

11.0 

.1600 

.0160 

.6400 

.0700 

.0880 

.0870 

0.88 

.0000 

.0000 

.7200 

.4800 

11.3 

.0140 

.0100 

.7200 

.0990 

.0880 

.0200 

0.06 

.0000 

.0010 

.0800 

.4800 

11.0 

.0200 

.0100 

.0240 

.0110 

.0100 

.0010 

1.80 

.8800 

.0080 

.8840 

.8360 

16.0 

.2000 

.0000 

The  flnt  smmple  wai  oolleoted  from  the  sewer  which  conveys  sewage  from  the  town;  the  seeosd, 
from  the  main  settling  tank;  the  third,  from  the  ends  of  the  sab-sarface  pipes  tn  the  stone  drstos;  the 
last,  from  the  outlet  of  the  nnderdralns* 


Sewage  Disposal  at  Mablborouoh. 

The  sewerage  system  of  the  city  of  Marlborough  (population  in 
1890,  13,805)  was  completed  late  in  1891,  and  at  the  end  of  1893 
there  were  about  800  connections,  including  those  from  all  of  the 
larger  places,  such  as  hotels,  factories,  etc.  The  total  length  of 
sewers  was  21.58  miles.  The  so-called  separate  system  was  adopted, 
but  no  underdrains  were  laid  beneath  the  sewers  and  a  large  amount 
of  ground  water  enters  them  at  certain  seasons  of  the  year. 

As.  the  sewage  arrives  at  the  disposal  field  it  passes  through 
separating  tanks  and  screens  before  passing  into  the  distributing 
pipes.  The  tanks  are  built  in  duplicate,  to  facilitate  cleaning,  and, 
including  the  portions  where  the  screens  are  situated,  are  each  about 
twenty-five  feet  long,  six  and  one-half  feet  wide  and  six  feet  deep. 
The  screens  are  of  wire  and  have  a  one-inch  mesh.  The  elevation 
of  the  tanks  above  the  sandy  land  is  such  that  it  was  feasible  to  pre- 
pare beds  upon  which  the  sludge  deposited  in  the  tanks  could  be 
turned  by  gravity. 

Thirteen  sewage  beds,  with  a  total  area  of  9.6  acres,  and  b\x 
sludge  beds,  with  a  total  area  of  1.7  acres,  have  been  prepared  for 
the  disposal  of  the  sewage  and  the  sludge.  The  material  of  the 
beds  is  finer  than  that  of  Framingham  and  Gardner,  and  has  an 
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effective  size  of  0.12  to  0.14  millimeter.  Tlie  area  has  a  moderate 
slope  toward  a  small  brook,  and  is  from  seven  to  twenty-two  feet 
above  it.  The  beds  are  thoroughly  underdrained  by  means  of 
parallel  lines  of  four-inch  pipes,  laid  with  open  joints  fifty  feet  apart 
and  about  six  feet  beneath  the  surface.  All  of  these  drains  dis- 
cbarge into  the  brook  before  mentioned. 

The  sewage  is  ordinary  city  sewage,  varying  in  strength  from  time 
to  time  with  the  amount  of  ground  water  which  enters  the  sewers. 
The  average  quantity  is  not  definitely  known,  but  it  was  probably 
in  the  neighborhood  of  400,000  gallons  per  day  during  1893. 

Previous  to  December,  1893,  it  is  said  that  the  beds  were  gener- 
ally flooded  in  turn  for  twenty-four  hours,  but  that,  beginning  with 
this  month,  they  were  flooded  in  turn  as  before,  but  for  only  half  a 
day  at  a  time,  and  the  results  obtained  from  this  treatment  show, 
apparently,  an  improvement.  The  beds  were  harrowed  twice  dur- 
ing the  year,  about  the  first  of  May  and  the  first  of  November,  with 
a  wheel-harrow,  to  a  depth  of  four  to  six  inches.  In  November  no 
leveller  was  attached  to  the  harrow,  and  the  surface  was  left  in 
alternate  ridges  and  furrows.  The  grass  and  weeds  were  cut  several 
times  during  the  summer,  and  in  the  fall  several  beds,  where  the 
weeds  grew  more  luxuriantly,  were  ploughed  before  harrowing.  A 
considerable  portion  of  the  sludge  in  the  sewage  passes  through  the 
separating  tanks  and  in  time  forms  a  thick  scum  upon  the  surfaces  of 
the  filter-beds.  This  scum  was  removed  at  irregular  intervals  during 
the  warmer  months,  but  not  during  the  winter.  As  a  general  rule 
the  scum  was  removed  before  the  suifaces  were  ploughed  or  harrowed. 

With  the  aid  of  the  furrowed  surfaces  and  the  application  of  smaller 
doses  the  filters  disposed  of  the  sewage  during  the  winter  months 
with  satisfactory  results.  At  times  there  has  been  considerable  odor 
from  the  sludge  beds,  but  as  the  beds  are  a  long  distance  from  any 
road  or  habitation  this  has  not  been  a  source  of  complaint. 

It  has  not  been  the  custom  to  employ  a  man  constantly  in  caring 
for  the  beds,  but  to  employ  a  man  living  in  the  neighborhood  to 
attend  to  changing  the  flow  of  sewage  from  bed  to  bed,  and  to  re- 
move the  scum  from  the  surfaces  of  the  beds,  paying  him  by  the 
hour  for  the  time  spent  on  the  work.  The  cost  of  all  work  done  on 
the  beds  during  the  year  1893  amounted  to  $497.19. 

The  averages  of  the  analyses  for  the  whole  year  1893  indicate  that 
94.2  per  cent,  of  the  organic  matter,  as  represented  by  the  albu- 
minoid ammonia,  was  removed  from  the  sewage  applied. 
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Chemical  Examinalion  of 


[Parts  per  100,000.] 


t: 

1 

6 

Appkabakce. 

Rbsidub  o«  Evapobatiox. 

e 

TOTAL  RE8IDUB. 

LOSS  OV  lOHITIOX. 

i 

i 

•a 

• 

« 

• 

c 

•3 

>5 
1 

S 

1 

o 

1 

1 

as 

m 
a 

^ 

^ 

> 
8 

C 

%. 

m 
a 

y* 

i* 

u 

H 

Q 

00 

H 

a 

ac 

1898. 

' 

1 
1 

1 

10844 

Aug.  15 

Thick, 
opaque. 

V.  heavy, 
dark. 

0.50 

230.40 

44.40 

186.00 

162.80 

20.00 

142.80 

a 

10033 

Aug.  80 

Thick, 

Heavy, 
dark. 

0.90 

86.70 

48.30 

38.40 

45.90 

17.50 

28.40 

milky. 

3 

11058 

Sept.  18 

Thick, 

Heavy, 
dark. 

0.70 

95.30 

55.90 

89.40 

51.60 

17.70 

33.90 

milky. 

4 

lUOl 

Bept.  26 

Decided. 

Heavy, 
dark. 

- 

81.00 

47.80 

38.20 

41.40 

18.00 

23.40 

6 

11101 

Oct.  12 

Thick. 

Heavy, 
dark. 

- 

70.00 

86.80 

83.20 

30.80 

17.20 

22.60 

6 

11282 

Oct.  27 

Decided. 

V.  heavy, 

dark. 

. 

298.00 

88.00 

265.00 

179.40 

9.80 

1».60 

7 

11380 

Nov.  16 

Decided, 
milky. 

Cons., 
heavy. 

0.90 

108.80 

82.60 

26.20 

85.20 

16.20 

10.00 

8 

11425 

Nov.  20 

DlBtinct. 

Cods., 
brown. 

0.20 

24.40 

28.60 

0.80 

5.00 

5.20 

0.40 

9 

11488 

Dec.  12 

Thick. 

V.  heavy, 
brown. 

0.-70 

66.00 

S9.40 

27.20 

83.60 

11.00 

22.60 

10 

11548 

Dec.  26 

Decided. 

Heavy, 
gray. 

0.50 

44.80 

26.40 

18.40 

21.00 

9.00 

12.00 

11 

Av.* 

0.54  1 

1 

72.86 

84.03 

37.43 

37.27 

10.83 

S6.4S 

1 

*  This  average  is  for  the  whole  year  1898  and  Inolades  the  results  of  analyses  made  during  the  earlier 
portion  of  the  year  and  printed  in  the  preceding  annual  report. 


Chemical  Examination  of  Effluent  from  the 

[Parts  per  100,000.] 


Z 

a 

s 

y. 


«  o 

Q 


1 

10845 

2 

10846 

8 

10934 

4 

10935 

5 

11059 

6 

11060 

T 

11102 

8 

11103 

9 

11192 

10 

11193 

1898. 

Aug.  15 

Aug.  15 
Aug.  80 
Aug.  80 
Sept.  18 
Sept.  18 
Sept.  26 
Sept.  26 
Oct.  12 
Oct.   12 


Appbakavck. 


2 

B 

H 


B 

s 


Slight. 
DlsUnct. 
Decided. 
None. 

Decided,  milky. 
Decided,  milky. 
Decided,  milky. 
Very  slight. 
Distinct. 
Very  slight. 


Slight,  fibrous. 

Slight,  rusty. 

Cons.,  white. 

None. 

Heavy,  rusty. 

Slight. 

Cons.,  floe. 

and  fibrous. 
Very  slight. 

Cons.,  gray. 

Very  slight. 


0.05 
0.05 
0.25 
0.00 
0.50 
0.10 
0.15 
0.00 
0.50 
0.02 


Odob. 


1 


9 


Distinctly  musty. 

Distinctly  musty. 

Offensive. 

Offensive. 

Offensive. 

Offensive. 

Offensive. 

Dlstinetly  musty. 

Offensive. 

Offensive. 


Decidedly  masty. 

Decidedly  mo«ty. 

Decidedly  mmty- 

Faintly  mnfty. 

Offensive. 

Offensive. 

Decidedly  mnity 
and  oflentire. 
Very  faint  or  none. 

Offensive. 
Offensive. 
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Sewage  from  Marlborough. 


[ParU  par  100,000.] 


Ammoioi. 

Chlorine. 

KmOOBS  A« 

OXTOKN 

COMSUMBD. 

IXOH. 

i 

ALBUMUrOID. 

i 

1 
S 

t 

9 

s 

e 

1 

8.7008 

8 

1 

i 

^ 

s 

00 

3.2000 

1.6000 

.2200 

1.8800 

1 
7.40 

.0050 

.0000 

14.2740 

1.8000 

.0700 

^ 

1 

3.2000 

.7200 

.2340 

.4020 

10.00 

.0050 

.0000 

6.7545 

3.2785 

.1800 

.0850 

- 

2 

2.8800 

1.0460 

.4380 

.0080 

12.00 

.0050 

.0000 

8.6100 

4.7160 

.5800 

.0760 

8 

2.0000 

1.1680 

.4800 

.7880 

8.40  1 

.0060 

.0000 

0.1020 

4.7070 

.2200 

.0740 

5.0000 

.7200 

.3140 

.4080 

0.00 

.0060 

.0000 

7.6140 

8.8210 

.3600 

.1400 

1.0800 

1.7060 

.1800 

1.5260 

4.60  ' 

.0000 

.0000 

22.3500 

8.2100 

1.7680 

.8200 

11.6 

2.0800 

.8760 

.4840 

.4420  1 

82.05 

.0000 

.0000 

7.7605 

4.8576 

.2100 

.1400 

.2320 

.0680 

.0350 

.0280 

3.50  ; 

.0000 

.0300 

1.5660 

1.1745 

.1120 

.0600 

4.1000 

.0740 

.8560 

.6160 

8.20 

.0106 

.0000 

6.6400 

3.0000 

.2740 

.1160 

1.8440 

.5620 

.1920 

.8700 

5.21 

.2000 

.1600 

3.5700 

1.5060 

.1500 

.0120 

10 

2.0140 

.0136 

.2164 

.3072 

7.36 

1 

.1125 

.0286 

- 

- 

.8163 

.0754 

7.8 

11 

Odor,  offensive.  ^— The  Mmples  were  coUeeted  from  tbe  separatloiK  tanks  and  represent  the  sewage 
after  a  portion  of  the  suspended  matter  had  been  separated  from  It. 


Underdrains  of  the  Marlborough  FiUer-beds. 

[Parte  per  100,000.] 


• 

1 

1            Ammokia. 

Chlorine. 

NiTBOOBK  AS 

a 

s 

M 

o 

i 

a 

• 

• 

1 

Albomlnold. 

1 

1 

- 

37.20 

.3020 

.0180 

6.18 

1 

1 
1 

1.6260 

.0086 

.2705 

7.6 

.0280 

1 

37.00 

.4000 

.0200 

5.02 

1.7600 

.0126 

.2230 

11.0 

.0330 

2 

82.40 

.8400 

.0000 

7.45 

.8000 

.0760 

.7742 

7.1 

.0250 

8 

34.00 

.2480 

.0080 

5.82 

1.6000 

.0300 

.1608 

0.4 

.0150 

46.60 

.0600 

.0460 

6.02 

2.2000 

.0200 

.8526 

10.8 

1.0600 

47.00 

.7000 

.0540 

'        7.60 

1 

2.4000 

.0170 

.6166 

11.5 

.0400 

37.70 

.8000 

.0600 

7.37 

2.0000 

.0240 

.6232 

8.4 

.0260 

T 

22.10 

.0240 

.0020 

4.07 

1.6000 

.0020 

.2178 

6.3 

.0000 

28.70 

1.6000 

.2060 

7.20 

.0300 

.1200 

1.3648 

6.4 

.0500 

88.00 

.4200 

.0220 

7.07 

2.0000 

.0200 

.2227 

8.3 

.0300 

10 
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Chemieai  Examinaiion  of  Effluent  jrvm  the 

[PaiU  per  100,000.] 


a 


1 


""a 
•  o 

O 


1 

11263 

2 

11264 

8 

11840 

4 

11841 

6 

11426 

6 

11427 

7 

11484 

8 

11485 

0 

11549 

10 

11550 

11 

Av.* 

Oct.  27 
Oct.  27 
Nov.  15 
Nov.  15 
Nov.  20 
Nov.  20 
Deo.  12 
Deo.  12 
Deo.  26 
Deo.  26 


Appbakaxcs. 


1 


a 

a 


5 

o 
O 


Decided. 
Dffltlnet. 
DiBtlnct,  milky. 
Distinct,  milky. 
Distinct,  milky. 
None. 

Slight,  milky. 
Very  slight. 
None. 
Very  slight. 


Cons.,  rusty. 
Cons.,  light. 
Slight. 

Cons.,  fibrous. 
Slight. 
None. 
Slight. 
Very  slight. 
Very  slight. 
Slight. 


0.40 
0.12 
0.15 
0.08 
0.12 
0.00 
0.07 
0.05 
0.00 
0.08 


Odos. 


0.01 


Offensive. 
Offensive. 
Offensive. 
Offensive. 
Offensive. 
Offensive. 
Faintly  ransty. 
Distinctly  musty. 
Distinctly  musty. 
Deddedly  musty. 


I  Offensive. 

Offensive. 

Offensive. 

Offensive. 
,  Offensive. 

Offensive. 

i 

.  Deddedly  musty. 

j  Decidedly  mufty 
1    and  disagreeabte. 
Deddedly  masty. 

Decidedly  mustj. 


*  The  average  given  here  includes  the  results  of  analyses  made  during  the  earlier  part  of  the  yetr 
and  printed  in  the  preceding  annual  report* 

Cfiemioal  Examination  of  Water  Jroni  the  Brook  into  which  the 

[ParU  per  100,000.] 


■ 

a 

Appbabakcb. 

Odob. 

• 

i 

• 

i 

Z 

^ 

s 

%i 

a 

•e 

2 

s 

«s 

9 

& 

o 

s, 

8 

5 

i 

1898. 

1 

1 

11061 

Sept.  18 

Very  slight. 

Cons.,  rusty. 

0.88 

Faintly  vegetable.  Faintly  vegvuble. 

2 

11062 

Sept.  18 

Very  slight. 

Cons.,  brown. 

0.20 

Decidedly                Decidedly  musty. 

disagreeable. 

3 

11104 

Sept.  26 

Slight. 

Slight. 

0.08 

Deddedly  musty. 

Deddedly  masty. 

4 

11104 

Oct.    12 

Very  slight. 

Slight,  earthy. 

0.10 

Distinctly  musty. 

Deddedly  maity. 

5 

11265 

Oct.    27 

None. 

None. 

0.12 

Decidedly  musty. 

Offensive. 

6 

11842 

Nov.  16 

Very  slight. 

Slight. 

0.10 

1 
Decidedly  musty.  -  Decidedly  mnsty. 

1 

7 

11428 

Nov.  20 

Very  slight. 

Slight,  brown. 

0.45 

Distinctly  musty.    Decidedly  mnety. 

8 

11486 

Dec.  12 

Very  slight. 

Slight. 

0.18 

Faintly  mouldy.      Distinctly  moaldy. 

0 

11551 

Dec.  26 

Slight. 

Considerable. 

0.55 

Faintly  vegeUble. ;  Distinctly  vrg'ble. 

10 

Av.* 

!    0.22 

1 

1 

*  Sample  No.  11061  is  omitted  from  the  average. 
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Underdraina  of  the  Marlborough  FiUer-beds —  Concluded. 

[FtrU  per  100,000.] 


Ion. 

AmioiriA. 

Chlorine. 

1          NiTBOGBII  AS 

1^ 

• 

1 

■  ■ 

oo        1 

«          1 

i 

Albomlnold. 

Nitrates. 

• 

36.80 

.8000 

.0190 

7.45 

'    1.5000 

.0200 

.5188 

0.1 

.1500 

1 

29.50 

.0000 

.0880 

6.84 

1.1000 

.0180 

.4050 

7.1 

.0160 

2 

36.00 

.0280 

.0660 

6.60 

j    1.5000 

.0900 

.7710 

0.0 

.0400 

82.50 

1.0000 

.0080 

4.55 

.7000 

.0060 

.8756 

8.0 

.0420 

82.40 

.8000 

.0580      , 

5.60 

1.6000 

.0110 

.6351 

7.0 

.0050 

33.50 

.6600 

.0230 

6.56 

1.5000           .0080 

.2058 

0.8 

.0100 

23.00       ' 

.8800 

.0280 

4.80 

.8200 

.0050 

.8344 

6.1 

.0160 

31.00       1 

.6720 

.0260 

5.60 

1.8000 

.0080 

.2464 

8.3 

.0060 

31.00 

.2800 

.0140 

5.28 

1.0000 

.0120 

.1082 

8.0 

.0070 

32.10 

1 

.4400 

.0140 

1 

i     5.n 

1.2500 

.0100 

.2268 

7.9 

.0070 

10 

28.02      * 

1 

.5031             .0853      ' 

1 

5.06 

1.0180           .0284 

7.7 

.0405 

11 

The  eansplee  were  collected  from  the  nnderdratos,  generally  from  thoee  beneath  the  beds  to  which 
sewage  was  being  applied  at  tiie  time. 


Effluent  from  the  Marlborough  Sewage  Filter-beds  is  discharged. 

[Parts  per  100»000.] 
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Kksioub  ox 
Etapohatioh. 

Amvokia. 

1 
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1 

1 

i 

NiTIOOKV  AS 

1 

1 

1 

S 
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« 
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S 
s 
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Hardness. 

1 

Lesson  Ignition. 

1 

ALBUXIMOID 

• 

i 

s 

55 

• 

I 

S 

Totnl. 

1 
1 

Saspcnded. 

4.80 

1.30 

.0000 

.0146 

.0108 

1 

.0038 

0.31 

.0070 

.0000 

.2182 

1.7 

1 

83.70 

12.65 

.5040 

.0840 

.0220 

.0120 

1     6.19 

.9000 

.0096 

.8198 

7.9 

2 

29.20 

8.20 

.8680 

.0640 

.0290 

.0350 

5.55 

1.4000 

.0540 

.4756 

7.4 

3 

26.10 

6.00 

.2270 

.0200 

.0190 

.0010 

4.96 

1.0000 

.0670 

.8888 

6.7 

4 

25.90 

6.40 

.3040 

.0320 

.0160 

.0160 

5.65 

.0500 

.0480 

.4611 

6.1 

5 

25.60 

6.80 

.4000 

.0800 

.0200 

.0100 

4.83 

1.2500 

.0230 

.4150 

6.4 

6 

18.20 

5.90 

1 

.1400 

.0120 

.0100 

.0020  ! 

1 

;    2.80 

1.0000 

.0120 

.6070 

4.2 

7 

20.60 

5.30    < 

1 

'     .2560 

.0200 

.0160 

.0040  , 

8.55 

1.0000 

.0080 

.3864 

5.3 
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10 

Iron,  .0094.    The  flret  eample  was  collected  from  the  brook  above  the  filter-beds;  the  remaining 
samples  from  the  brook  below  the  filter-beds  after  it  had  received  the  eflQnent  therefrom. 
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Sewage  Disposal  at  Medfield. 

A  system  of  sewage  disposal  by  intermittent  filtration  was  intro- 
duced at  Medfield  in  1886,  and  was  described  in  the  Nineteenth 
Annual  Report  of  the  Board  for  the  year  1887.  Up  to  the  end  of 
1893  connections  had  been  made  with  one  hotel,  three  houses  and  a 
large  straw  factory,  in  which,  at  times,  as  many  as  900  operatives 
are  employed.  The  original  area  of  the  beds  was  about  one  acre. 
The  material  is  mostly  coarse  gravel.  As  the  level  of  the  ground 
water  is  about  ten  feet  below  the  surface  of  the  filter  there  are  no 
underdrains.     There  are  four  beds,  the  surfaces  of  which  are  some- 

Chemical  Examinalwnof 
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Chemical  Examination  of  Water  Jrom  a  Spring  below 
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The  samples  were  collected  from  the  spring  which  is  located  north  of  the  filter-beds  and  s  Uttl*  o^ 
direction  of  this  spring. 
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what  uneven,  each  of  which,  as  a  general  rule,  takes  the  sewage  in 
turn  for  two  days.  It  was  found  that  there  was  considerable  loam  a 
short  distance  below  the  surface  of  a  portion  of  the  beds  which 
eventually  became  clogged.  In  the  summer  of  1893  this  loam  was 
removed  and  replaced  with  coarse  gravel,  and  the  area  of  the  filter 
increased  about  one-third. 

No  trouble  has  arisen  from  odors.  In  the  following  tables  will 
be  found  analyses  of  the  sewage,  and  of  the  effluent  taken  from  a 
spring  a  short  distance  below  the  filter.  The  effluent  is  of  excellent 
quality,  and  no  deterioration  is  shown  by  the  analyses  when  com- 
pared with  those  made  in  1887,  after  the  works  had  been  in  opera- 
tion for  a  comparatively  short  time. 


Sewage  from  Medjield. 
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The  stnw  shop  was  not  rannlng  at  the  time  the  sample  was  eoUected. 


the  FiUration  Area  of  the  Medfield  Sewerage  System, 

[Parts  per  100,000.] 
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2flO  fMk  from  the  edge  of  the  nearest  bed.    The  ground  where  the  fliter-beds  are  located  slopes  in  the 
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Sewage  Disposal  at  Welleslet  College. 

Up  to  1892  the  greater  part  of  the  sewage  from  the  Welleeley 
College  buildings  was  disposed  of  by  passing  it  through  small  and 
imperfect  artificial  filters  of  peat  and  gravel,  but  as  the  results  ob- 
tained by  this  method  were  unsatisfactory,  new  works  were  con- 
structed in  1892  for  the  treatment  of  the  sewage  from  the  main 
building  and  cottages  near  it,  by  intermittent  filtration. 

As  the  works  were  first  constructed  the  sewage  passed  from  the 
buildings  through  pipe  sewers  to  a  settling  tank  six  feet  in  diameter, 
thence  into  an  automatic  flush  tank  thirty  feet  long  and  six  feet 
wide,  in  which  the  sewage  had  a  depth  of  twenty-six  inches,  and 
from  the  flush  tank  was  discharged  into  two  eight-inch  pipes  pass- 
ing through  the  middle  of  a  nearly  level  filtration  area  300  feet 
long  and  150  feet  wide.  Every  four  feet  along  each  of  the  eight- 
inch  pipes  there  was  laid  out  to  the  edge  of  the  area  a  line  of  three- 
inch  pipes,  with  open  joints,  for  distributing  the  sewage.  These 
pipes  were  about  twenty  inches  below  the  surface  of  the  ground, 
and  the  joints  between  some  of  them  were  covered  with  tarred 
paper  and  all  were  surrounded  with  coarse  gravel.  Much  of  the 
material  of  the  filter  bed  is  coarse  sand  or  gravel,  but  in  some  places 
there  is  a  very  fine  sand. 

After  about  three  months'  use  the  pipes  were  so  badly  clogged 
that  it  was  necessary  to  dig  them  up  and  clean  them.  It  was  foaod 
that  many  of  the  pipes  were  clogged  with  pieces  of  rags  and  paper, 
and  that  the  fine  sand  had  filled  the  interstices  of  the  coarse  grareh 


Chemical  Examinatm  of 
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After  this  clogging  occurred  provision  was  made  for  screening  the 
sewage  so  as  to  prevent  the  entrance  of  coarse  substances  into  the 
eight-inch  pipes. 

In  the  summer  of  1893  some  further  changes  were  made.  Two 
settling  tanks,  each  ten  feet  long  and  six  feet  wide,  were  added,  and 
the  length  of  «the  filtration  area  was  extended  to  450  feet,  making 
the  total  area  1.55  acres.  AH  of  the  sub-surface  distributing  pipes 
were  relaid,  and  over  the  joints  of  the  pipes,  in  all  cases,  were 
placed  pieces  of  half-pipe  of  larger  diameter.  An  eight-inch  pipe 
was  laid  along  each  side  of  the  filtration  area  and  connected  with 
the  ends  of  all  of  the  three-inch  distributing  pipes.  Gates  have 
been  placed  at  the  lower  ends  of  all  of  the  eight-inch  pipes,  and 
about  once  a  week,  usually  on  washing  day,  they  have  been  opened 
with  a  view  to  flushing  the  entire  system  of  pipes.  The  sewage 
used  in  flushing  discharges  upon  a  thin  filter-bed  about  fifty  feet 
square.  It  has  been  the  custom  to  empty  the  settling  tanks  once  a 
week,  and  at  these  times  the  liquid  matter  is  discharged  upon  a  small 
filter-bed  constructed  for  this  purpose,  while  the  semi-solid  portions 
remaining  are  run  into  carts  and  removed  to  some  woods  at  a  con- 
siderable distance  from  the  buildings  where  they  are  disposed  of  by 
composting.  There  are  about  500  people  connected  with  this  system. 
There  have  been  no  indications  of  clogging  in  the  sub-surface  pipes 
since  the  changes  were  made. 

In  the  following  tables  will  be  found  analyses  of  the  Wellesley 
sewage,  and  of  samples  of  water  taken  from  a  small  brook,  into  which 
some  of  the  effluent  finds  its  way,  above  and  below  the  filter-bed. 


Sewage  from  Wellesley. 


[ParU  per  100,000.] 
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Chemical  Examination  of  Water  from  the  Brook  above  and  below  the  WelUsletj 

Sewage  Filtration  Area, 

[Parts  por  100,000.] 
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1 

Iron,  .0878.    Odor  of  the  first  sample,  none;  of  the  second,  faintly  earthy;  of  the  last,  strong  of  gu 
liquors.    On  heating,  the  odor  of  the  first  two  samples  was  distinctly  vegetable,  but  the  last  was 

unchanged. The  first  sample  was  collected  from  the  brook  above  the  filter-beds;  the  second,  near 

the  sludge  bed,  and  the  last,  near  the  gas  works,  about  150  feet  above  the  point  where  the  brook  enten 
Waban  Lake. 


Sewage  Disposal  at  Westborough. 

The  construction  of  the  sewerage  system  of  the  town  of  West- 
borough  (population  in  1890,  5,195)  was  begun  in  1891,  and  up  to 
the  end  of  the  year  1893  ninety-one  connections  had  been  made  with 
the  sewers,  forty-three  of  which  were  from  the  larger  places,  such 
as  business  blocks,  factories,  etc.  The  main  sewer  leading  from  the 
town  to  the  place  of  disposal  passes  through  low  wet  ground,  and 
receives  a  large  amount  of  ground  water. 

The  sewage  is  disposed  of  upon  land  located  on  the  right  bank  of 
the  Assabet  River,  in  the  north-westerly  part  of  the  town.  About 
thirty-three  acres  were  taken  by  the  town  for  sewage-disposal  pur- 
poses, 17.5  of  which  may  be  classed  as  swamp  or  meadow  subject 
to  flooding  at  times  of  high  water,  its  surface  being  at  an  elevation 
of  three  feet  or  less  above  the  ordinary  level  of  the  river.  About 
six  acres  of  the  upland  is  at  too  great  an  elevation  to  be  reached  by 
gravity  without  grading. 

The  sewage  is  conducted  to  a  settling  tank  on  the  disposal  area. 
The  tank  is  of  masonry,  built  in  two  compartments,  and  has  a  total 
capacity  of  less  than  1,000  gallons.  Two  filter  beds,  having  a  total 
area  of  a  little  over  two  acres,  were  prepared  in  1892  by  strippiog 
off  most  of  the  loam  and  filling  with  coarse  sand  or  gravel  to  depths 
varying  from  about  thirty  inches  at  the  lower  end  to  about  a  foot  at 
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the  other  end.  The  material  beneath  the  filling  is  a  fine,  compact 
sand  almost  impervious  to  water.  The  surfaces  of  the  beds  are 
from  six  to  six  and  one-half  feet  above  the  ordinary  level  of  the  sur- 
face of  the  water  in  the  Assabet  River,  opposite  the  sewage  field. 
Daring  the  prevalence  of  high  water  in  the  spring  the  surface  of  the 
water  in  the  river  rises  to  about  three  feet  above  the  ordinary  level. 

Sewage  was  applied  to  the  beds  in  April,  1893,  and  it  was  found 
that  the  sand  beneath  the  artificial  and  porous  surface  layer  was  so  fine 
that  it  remained  saturated  and  also  kept  the  material  above  it  saturated 
for  weeks  after  the  application  of  sewage  had  ceased.  It  is  said  that 
these  beds  could  be  made  to  take  the  whole  flow  of  sewage  for  about 
a  week  by  filling  them  to  the  level  of  the  top  of  the  embankment. 
On  discontinuing  the  use  of  the  beds  in  July  it  took  eight  weeks  for 
the  sewage  to  disappear. 

To  obtain  material  to  prepare  the  filter  beds  as  above  described, 
a  pit  was  excavated  in  a  gravel  ridge  in  the  higher  portion  of 
the  area  owned  by  the  town.  Into  this  gravel  pit,  covering  an  area 
of  approximately  15,000  square  feet,  the  bottom  of  which  is  said  to 
be  six  inches  above  the  ground-water  level,  the  sewage  has  been 
discharged  from  time  to  time,  and  it  has  been  filled  to  the  level  of 
the  bottom  of  the  sewage  carrier,  or  approximately  six  feet  deep, 
forming  a  huge  cesspool,  the  effluent  from  which  appeared  in  the 
form  of  a  flowing  spring,  on  the  surface  of  a  piece  of  low  land  fifty 
to  seventy-five  feet  from  the  edge  of  the  excavation.  During  the 
year  1893  sewage  has  also  been  discharged  from  time  to  time  on 
a  portion  of  the  unprepared  ground  and  allowed  to  flow  over  its 
surface  to  find  its  way  to  the  meadows. 

The  selectmen  of  the  town  applied  to  the  State  Board  of  Health, 
Sept.  18,  1893,  stating  that  the  former  advice  of  the  Board  had  not 
been  carried  out,  and  requesting  the  Board  to  make  another  exami- 
nation of  the  present  sewage-disposal  works  at  Westborough,  and 
advise  the  town  farther  in  the  matter  of  sewage  disposal.  The  reply 
of  the  Board  to  this  application  may  be  found  on  page  86  of  this 
volume. 

Toward  the  end  of  the  year  the  surfaces  of  the  two  filter  beds 
were  raised  from  one  to  two  feet  by  the  addition  of  more  coarse 
sand,  and  two  six-inch  underdrains  were  placed  beneath  the  beds  at 
depths  of  from  three  to  five  feet  beneath  the  surface.  In  addition  to 
this  work,  two  additional  beds,  each  about  an  acre  in  area,  were 
prepared  between  the  settling  tank  and  the  river.     The   surfaces 


592 


STATE  BOARD   OF  HEALTH,  [Pub.  Doc. 


of  the  new  beds  were  levelled  to  some  extent,  and  in  each  two 
four-inch  underdrains  were  laid  three  feet  below  the  surface  at  the 
upper  ends  and  five  feet  below  at  the  lower  ends.  It  is  said  that 
some  of  the  mud  in  the  low  places  on  the  area  covered  by  these  beds 
was  removed  while  preparing  the  beds  and  replaced  with  grayel 
from  a  knoll  situated  partly  within  the  limits  of  the  beds.  There  is 
considerable  loam  remaining  on  each  bed.     Sewage  was  distributed 
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The  first  and  last  samples  were  collected  from  the  spring  below  the  gravel  pit;  the seeood 
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upon  the  two  new  beds  from  trenches  along  the  sides  and  by  furrows 
across  the  beds.  The  distribation^  however,  at  the  time  the  beds 
were  examined  was  very  uneven. 

In  the  following  table  will  be  found  analyses  of  samples  of  the 
sewage,  of  the  effluent  from  the  gravel  pit  collected  at  the  spring 
already  mentioned  and  of  samples  collected  from  the  Assabet  Kiver 
above  and  below  the  disposal  area. 

the  Weslboraugh  Sewerage  System, 

[Parts  per  100,000.] 
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OXTOKK 
COKSOMKD. 

IBOX. 

1 

1 

1 

1 

i 

1 

▲LBUXIXOID. 

1 

1 

s 

P 

1 

1 

1 

1 

1 

• 

1 

s 

-6 

a 

9 

1.7000 
0.3840 

.3080 
.0720 

.2200 
.0000 

.0880 
.0220 

8.81 
0.78 

.0050 
.0850 

.0000 

.0060 

8.7665 
1.6770 

2.7540 
1.0320 

.1200 
.4100 

.0360 
.0280 

8.6 
8.2 

1 
2 

sevrer  et  the  poiot  where  It  disoharges  apon  the  fllter-beds. 


Beds  of  the  Westboraugh  Sewerage  System, 

[Parts  per  100,000.] 


4 

1 

ASOfOVIA. 

§ 

NlTBOQBV  AS 

• 

1 

S 

1 

& 

Iron. 

1 

3^ 
1 

1 

£ 

S 

10.20 
6.70 
•.10 

.0008 
.2000 
.1060 

.0264 
.0220 
.0220 

2.84 
0.86 
2.00 

.0000 
.0400 
.0000 

.0183 

.0000 
.0040 
.0000 

1.0732 
.2322 
.6364 

2.2 
2.3 
2.5 

.1180 
.0000 
.0210 

I 
2 
3 

8.88 

.1823 

.0235 

1.00 

.0013 

.6473 

1 

2.8 

.0463 

4 

sample  from  the  anderdralo  of  new  fllter>beds  which  had  beoD  Id  ose  but  six  days. 
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Chemical  Examination  of  Water  from  the  Assabet  Biver  above  and  below  the  West- 

borough  Sewage  Filter-beds. 

[Parts  per  100,000.] 


Date  of  Collection. 

Appkabakci. 

Kksidus  on 
Evapora- 
tion. 

AXVOVLA. 

i 

i 

.28 
.86 
.88 
.47 

KiTBOOKK 
AS 

'    6 

• 

s: 

1 

B 
H 

• 

s 

B 

• 

• 

i 

• 

1 
1 

• 

hi 

1 
ALBUMIIIOIO.      ' 

« 

S 

9< 

1 

i 

j    a 

■ 
e 

6 

& 

s 

i 

8 

H 

• 

1 

■ 

si 

OD 

i 

* 

1 

10S40 
11172 
11173 
11409 

1 

1S9S. 

Aug.  16 

Oct.    11 
Oct.    11 
Nov.  28 

V.slight. 
V.slight. 
V.slight. 
V.slight. 

V.slight. 
Slight. 
Slight. 
V.slight. 

0.46 
0.46 
0.46 
0.00 

6.00 
4.66 
4.40 
6.80 

1.80 
1.86 
1.70 
8.00 

.0026 
.0000 
.0000 
.0280 

.0166 
.0186 
.0182 
.0290 

.0140 
.0140 
.0162 
.0240 

.0026 
.0048 
.0080 
.0060 

.ooso 

.0000 

.0000 
.0000 

,  1 

.0000    .8»»1J 

.0000    .58861.8 

1 

.0000    .51841.8 
.0003  l.lj«1.8 

Odor,  distinctly  vegetable  and  mouldy  or  unpleasant. The  first  two  samples  were  collected  froo 

the  river  above  the  filter-beds  and  the  last  two  irom  the  river  below  the  filter-beds. 


CHEMICAL  PRECIPITATION  OF  SEWAGE 


▲T  TBS 


WORLD'S  Columbian  Exposition, 

CHICAGO,  1893. 


Bt  ALLEN  HAZEN, 

CHniBT,  DXPABTMBHT  OV  WATSB  BUPFLT,  ■SWXBAOB  AMD  TIBB  PBOTBCTIOH. 


CHEMICAL  PRECIPITATION  OF  SEWAGE  AT  THE  WORLD'S 

COLUMBIAN  EXPOSITION.  CHICAGO, 

1893. 


Bt  ALLEN  HAZEN,* 
Chemist,  Department  of  Water  Supply,  Sewerage  and  Fire  Protection. 


The  sewage  disposal  works  at  the  World's  Columbian  Exposition 
were  described  in  the  <* Engineering  News"  of  Aug.  3,  1893,  which 
contains  drawings  showing  many  of  the  details  of  construction  and 
arrangement. 

The  works  were  designed  and  built  under  the  direction  of  W.  S. 
MacHarg,  C.E.,  engineer  for  water  supply,  sewerage  and  fire  pro- 
tection, Mr.  C.  M.  Wilkes  being  first  assistant  engineer,  and  the 
construction  of  the  plant  and  the  operation  of  the  machinery  being 
superintended  by  Mr.  C.  E.  Chester.  The  writer  was  employed  to 
superintend  the  precipitation  of  the  sewage  after  the  construction  of 
the  works  was  practically  completed. 

The  works  consisted  in  brief  of  four  cylindrical  iron  settling  tanks 
of  the  Rockner-Rothe  type,  32  feet  high  and  32  feet  in  diameter,  with 
conical  bottoms,  which,  in  a  height  of  22  feet,  tapered  from  32  feet 
to  6  feet  (see  diagram  on  following  pagef).  The  total  height  was 
thus  54  feet,  and  the  capacity  of  each  tank,  as  ordinarily  used  with 
sewage  standing  18  inches  below  the  top,  was  237,000  gallons. 

The  sewage  from  the  various  buildings  on  the  Exposition  grounds 
was  forced  by  Shone  ejectors  into  the  iron  sewers  which  terminated 
in  a  receiving  tank  16  feet  in  diameter  and  10  feet  deep,  where  the 
sewage  was  screened  and  afterward  passed  through  the  four  pipes 
which  conveyed  it  to  the  different  settling  tanks,  receiving  and  be- 

*  Mr.  Hazen,  at  the  time  of  bis  appointment  at  Chicago,  was  chemist  in  charge  of  the  Experi- 
ment  Station  of  the  MassacbnBetts  State  Board  of  Health  at  Lawrence.  He  held  the  position 
at  Chicago  daring  a  leave  of  absence  granted  by  the  Board. 

t  The  plate  from  which  this  diagram  is  printed  was  kindly  famished  by  the  Engineering 
Vtwt  PaUishing  Company, 
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coming  mixed  with  the  oecessary  chemicals  od  the  way.  The  niiied 
and  precipitated  sewage  theo  passed  dawn  through  central  cylinders, 
6  feet  in  diameter,  to  points  near  the  bottoms  of  the  tanks,  where  it 
was  distributed  by  ^heet-iron  arms  and  the  precipitate  settled  to  the 
bottom,  while  the  clarified  liquid,  ready  for  discharge  into  the  lake, 
slowly  rose  to  the  top,  where  it  was  removed  by  a  set  of  troughs 
drawing  as  nearly  as  possible  equal  quantities  of  effiuent  frum  equal 


areas  of  surface  to  give  a  unifoi-m  and  regular  upward  movement  tu 
the  sewage  in  the  tanks.  The  sludge  which  settled  to  the  conical- 
shaped  bottom  was  expected  to  slide  to  the  point  of  the  cone,  where 
there  was  an  outlet  through  which  it  coutd  be  drawn  off  from  time.to 
time  for  pressing  without  interrupting  the  continuous  action  of  the 
tanks. 

The  filter-presses,  which  were  exhibited  by  the  Perrin  Company, 
Chicago,  were  made  by  the  Qr.  H.  Bushnell  Company,  Thompsonville, 
Conn.,  and  produced  at  each  operation  fifty  cakes  of  sludge  3fi  inches 
in  diameter  and  about  1|  inches  thick,  weighing  about  47  pounds 
each.  The  central  passages  in  the  filter-presses  were  4  inches  in 
diameter,  but  it  was  found  that  rags  and  cotton  waste  which  passed 
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the  bars  in  the  screen,  aboat  three-fourtfas  of  an  inch  apart,  would 
frequently  stop  the  4-inch  holes  in  the  plates,  allowing  the  pressure 
to  accuQiulate  on  one  side  of  the  plate  until  it  broke.  The  delay 
and  expense  of  replacing  plates  was  considerable,  and  it  was  not 
until  the  screen  was  covered  with  a  finer  wire  screen  to  retain  all 
rags  and  the  holes  in  the  plates  were  cut  out  to  six  inches  in  diame- 
ter that  satisfactory  working  was  obtained.  The  quantity  of  sludge 
which  could  be  pressed  with  these  presses  was  much  below  the 
anticipated  amount,  and  the  failure  to  press  promptly  the  sludge  as 
produced  was  often  the  limit,  during  a  large  part  of  the  summer,  of 
the  efficiency  of  the  plant. 

The  sludge  cake,  together  with  the  garbage  from  the  grounds, 
was  burned  in  an  Engle  crematory  near  the  sewage-disposal  works. 

The  object  of  having  four  separate  settling  tanks,  each  of  them 
with  its  independent  appliances  for  mixing  chemicals,  was  to  allow 
the  simultaneous  application  of  different  chemicals  to  sewage  of  pre- 
cisely the  same  composition,  and  to  secure  in  that  way  definite 
comparisons  between  the  different  chemicals  when  working  upon  a 
large  scale.  Such  experiments  were  made  almost  from  the  first,  but 
it  soon  became  apparent  that,  within  wide  limits  at  least,  the  chemicals 
employed  were  not  the  controlling  or  even  the  leading  factor  in  the 
results  obtained,  and  that  the  differences  between  the  various  quan- 
tities or  kinds  of  chemicals  were  often  far  more  than  offset  by  other 
conditions,  which  will  be  described  beyond,  over  which  we  had  less 
control.  In  this  way,  our  investigations,  instead  of  throwing  light 
upon  the  questions  which  we  had  propounded,  have  been  mainly 
confined  to  quite  another  set  of  problems  which  were  scarcely  antici- 
pated before  they  presented  themselves.  We  found  it  necessary  to 
study,  not  so  much  how  to  produce  a  precipitate  by  adding  chemicals 
to  the  sewage,  as  how  to  make  it  settle  to  the  bottom  and  stay  there 
until  it  could  be  removed  and  pressed. 

Manner  op  Delivert  of  the  Sewage  at  the  Works. 

One  of  the  most  troublesome  circumstances  in  connection  with  the 
plant  was  the  irregular  manner  in  which  the  sewage  was  delivered 
at  the  works.  The  flow  of  sewage,  instead  of  coming  regularly,  was 
subject  to  violent  fluctuations,  due  to  the  method  of  collection  and 
to  the  construction  of  the  force  main.     The  sewage  was  forced  into 
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this  main  by  twenty-six  pairs  of  Shone  ejectors  located  at  varioas 
points  on  the  grounds.  These  were  operated  by  compressed  air 
from  a  central  station  in  Machinery  Hall,  and  each  was  furnished 
with  an  automatic  appliance  to  shut  off  the  air  as  soon  as  the  tank 
was  sufficiently  emptied.  For  some  reason  these  valves  often  failed 
to  act  as  was  intended  and  the  compressed  air  followed  the  sewage 
into  the  pipes  in  large  quantity,  pushing  ahead  of  it  the  sewage  ia 
the  sewer  pipes  with  great  rapidity  to  the  precipitation  works.  The 
sewer  pipes  having  been  laid  without  attention  to  grades,  contained 
numerous  summits  and  depressions,  and  the  air  rapidly  accumulated 
in  the  summits  until  finally  the  bulk  of  the  sewage  in  the  sewers  hnd 
been  forced  to  the  works  when  at  last  the  air  commenced  to  come 
through  the  vertical  discharge  pipe.  This  at  once  relieved  the  press- 
ure and  the  large  volume  of  air  contained  in  the  sewers,  now  rapidly 
expanding  and  mixed  with  varying  proportions  of  sewage,  came  oat 
with  explosive  violence,  throwing  quantities  of  sewage  into  the  air 
and  even  through  the  roof.  The  violence  of  these  **  blows'*  can  be 
somewhat  appreciated  when  it  is  stated  that  most  of  the  glass  in 
the  roof  twenty  feet  above  the  outlet  was  broken  by  these  "  blows" 
within  a  few  days  after  the  works  were  started,  and  that  among  other 
debris,  a  piece  of  lead  weighing  nine  pounds,  which  had  been  acci- 
dentally left  in  the  sewers,  was  carried  up  through  and  discharged 
from  the  vertical  pipe  fifty  feet  in  height. 

The  number  of  days  in  each  month  on  which  such  •*  blows"  oc- 
curred, usually  from  one  to  ten  and  sometimes  even  as  many  as 
twenty  *' blows''  occurring  in  a  single  day,  was  as  follows :  — 

April  (14  to  30),  13  days,  or  76  per  cent,  of  the  total  number  of  days. 


May, 

23 

tt 

44  74 

41 

44 

44 

44 

June, 

13 

44 

"  43 

44 

44 

44 

44 

July, 

15 

44 

"  48 

44 

44 

44 

«4 

August, 

19 

44 

"  61 

44 

44 

44 

44 

September, 

22 

44 

"  73 

44 

44 

44 

44 

October, 

26 

44 

"  84 

44 

44 

44 

44 

The  average  maximum  hourly  flow  of  sewage  was  about  6  percent, 
of  the  total  daily  flow,  and  the  latter  never  exceeded  3,200,000  gal- 
lons ;  it  may  thus  be  said  that  the  normal  flow  of  sewage  which  should 
have  been  obtained,  if  it  had  been  delivered  at  the  same  rate  as  it 
was  produced,  would  not  have  exceeded  190,000  gallons  per  hour, 
and  this  quantity  would  produce  a  velocity  of  only  a  foot  a  second 
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in  the  three-foot  discharge  pipe.  Actually,  the  ordinary  discharge 
between  *<  blows*'  was  much  less  than  this,  and  allowed  much  of  the 
suspended  matter  of  the  sewage  to  be  deposited  on  the  bottom  of  the 
sewer.  Every  time  a  <<  blow ''  occurred  the  matter  which  had  been 
deposited  since  the  previous  ^'  blow**  was  flushed  out,  and  at  these 
times  sewage  was  obtained  two  or  three  times  as  concentrated  as 
at  other  times.  Thus  for  short  intervals  enormous  quantities  of 
highly  concentrated  sewage  were  received  at  the  works,  and  the  rest 
of  the  time  only  a  reduced  flow  of  a  sewage  from  which  the  sludge 
had  been  partially  removed,  and  frequently  for  a  time  after  the 
*'  blows"  occurred  there  was  no  flow  at  all. 


Precipitants  Employed. 

The  chemicals  employed  as  precipitants  were  copperas  or  crude 
ferrous  sulphate,  crude  alum  or  sulphate  of  alumina,  a  crude  ferric 
sulphate,  and  lime.  The  copperas,  alum  or  ferric  sulphate  was  first 
added  to  the  sewage,  which  then  passed  through  a  mechanical  mixer 
containing  a  rapidly  revolving  paddle-wheel,  and  then  received  the 
lime.  The  mechanical  mixers  for  mixing  the  chemicals  with  the  sew- 
age had  no  advantage  over  a  fishway,  and  were  more  expensive  and 
troublesome  in  construction  and  operation.  The  chemicals  were 
added  mainly  in  accordance  with  the  principles  given  in  the  special 
report  of  the  Massachusetts  State  Board  of  Health  for  1890  ;*  but 
owing  to  variation  in  the  market  prices  of  the  various  chemicals 
and  the  freight  the  relative  costs  were  changed  somewhat. 

The  analyses  and  costs  of  the  various  chemicals  employed,  together 
with  many  other  data,  are  given  in  the  Appendices  following  (pages 
613-624).  In  calculating  the  costs  the  actual  costs  of  chemicals  de- 
livered in  Chicago  are  given  in  each  case,  although  much  lower  prices 
were  paid  for  some  of  the  later  lots  than  at  the  beginning. 

It  was  found  that  the  sludge  produced  with  copperas  and  lime  as 
precipitants  was  much  more  easily  pressed  than  that  with  alum,  even 
when  used  with  lime ;  and  as  the  cost  of  pressing  the  sludge  ex- 
ceeded the  cost  of  precipitating,  copperas  was  a  more  economical 
precipitant  than  alum.  For  the  same  reason  more  lime  was  used 
with  alum  than  was  necessary  to  produce  the  best  effluent,  because 

*  Experimentc  apon  the  Cbemic&l  Precipitation  of  Sewage,  by  Alleo  Haien.  Special  Report 
of  Uie  Mauacboaetts  State  Board  of  Health  npon  Pnrlflcatloa  of  Sewage  and  Water,  1S90. 
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the  sludge  produced  in  presence  of  an  excess  of  lime  could  be  much 
more  easily  pressed,  and  the  extra  lime  applied  to  the  sewage  was 
cheaper  than  the  labor  on  the  presses.  For  equal  costs  of  treatment 
copperas  and  alum  produced  equally  good  effluents,  although  the 
effluent  from  copperas  had  more  color  (due  to  the  suspended  iron) 
than  that  from  alum.  The  only  ferric  sulphate  obtainable  contained 
much  free  acid,  with  a  disappointingly  low  percentage  of  soluble 
ferric  oxide,  and  the  rather  poor  results  obtained  should  not  be 
taken  as  disparaging  the  use  of  a  better  quality  of  reagent. 

Two  kinds  of  lime  were  employed,  a  very  pure  lime  from  Hanni- 
bal, Mo.,  and  a  local  dolomite  lime  which  was  used  at  first,  and  on 
one  or  two  occasions  afterwards  when  the  stock  of  Hannibal  lime 
was  exhausted.  This  lime  cost  only  two-thirds  as  much  and  was 
hardly  six-tenths  as  strong  as  the  Hannibal  lime,  and  to  avoid  qd- 
necessarily  complicating  the  figures  in  the  tables  given  beyond,  when 
dolomite  lime  was  used,  its  weight  is  reckoned  as  its  equivalent  ia 
cost  of  Hannibal  lime,  or  two-thirds  its  actual  weight. 

Measurement  and  CioMPOsrnoN  of  Sewage  and  Effluents. 

The  quantities  of  sewage  passing  each  tank  were  determined  by 
hourly  weir  measurements,  so  that  the  total  daily  flow  of  sewage 
was  calculated  from  ninety-six  readings.  Records  were  kept  of  all 
these  quantities,  and  of  the  weights  of  the  chemicals  employed. 

Many  samples  of  sewage  and  of  the  different  effluents  were  analyzed 
to  determine  the  efficiency  of  the  treatments,  but  to  avoid  an  unneces- 
sarily large  volume  of  data,  only  the  monthly  averages  are  given 
below,  as  it  is  believed  that  no  additional  information  of  importance 
would  be  obtained  from  a  more  detailed  presentation.  The  method 
of  obtaining  the  samples  was  to  mix  eight  pint  samples  in  a  gallon 
bottle,  the  eight  portions  being  taken  at  such  intervals  that  one- 
eighth  of  the  total  daily  flow  passed  between  each  two  of  them. 
The  samples  of  effluent  were  taken  in  the  same  way,  but  as  much 
later  than  the  corresponding  sewage  samples  as  the  average  time 
required  for  the  sewage  to  pass  through  the  tanks. 

The  analyses  are  believed  to  represent  correctly  the  character  of 
effluent  as  discharged  into  Lake  Michigan  ;  but,  owing  to  the  violent 
fluctuations  in  the  flow  of  the  sewage  mentioned  above,  the  samples 
of  sewage  taken  represent  in  general  the  sewage  between  **  blows," 
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when  it  did  not  contain  the  fall  amount  of  sludge,  as,  owing  to  the 
personal  danger  involved,  satisfactory  samples  could  not  be  obtained 
during  **  blows,"  and  even  if  they  could  have  been  collected,  it  would 
have  been  impossible  to  determine  how  much  sewage  actually  had  the 
composition  indicated  by  the  samples.  For  this  reason  the  results 
for  loss  on  ignition,  albuminoid  ammonia  and  oxygen  consumed  in 
the  unfiltered  sewage  are  too  low  and  the  results  of  efficiency  given 
must  be  taken  as  relative  instead  of  absolute.  The  soluble  constitu- 
ents, including  chlorine  and  free  ammonia j  were  not  affected  in  the 
least  by  sedimentation. 

The  averages  of  analyses  of  sewage  and  effluents  by  four  weeks' 
periods  are  as  follows :  — 
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One  of  the  most  striking  features  of  these  analyses  is  the  excessive 
number  of  bacteria  found  in  the  effluents,  —  several  times  as  many 
as  in  the  crude  sewage.  The  causes  of  this  remarkable  condition 
were  investigated  by  Drs.  Wilson  and  Agar  of  the  United  States 
Army  Hospital.  The  results  obtained  show  that,  while  the  sewage 
contained  a  great  variety  of  species  of  bacteria,  the  effluents  con- 
tained only  a  few  species  in  large  numbers,  and  these  forms  were 
very  much  more  abundant  than  in  the  crude  sewage.  It  appears 
that  the  bulk  of  the  bacteria  of  the  sewage  was  taken  to  the  bottoms 
of  the  tanks  in  the  precipitate,  and  did  not  exist  in  the  effluents. 
The  tanks,  however,  served  as  a  breeding  place  for  enormous  num- 
bers of  the  species  found  in  the  effluents,  which  were,  presumably, 
non-pathogenic,  for,  so  far  as  we  know,  the  pathogenic  forms  some- 
times found  in  water  are  probably  incapable  of  growing  in  the  condi- 
tions present  in  the  tanks.  The  treatment  may  be  said  to  have  secured 
a  partial  but  probably  very  incomplete  removal  of  objectionable 
bacteria. 

The  Work  op  the  Individual  Tanks. 

The  quantities  of  sewage  treated  and  chemicals  employed  for  each 
tank  during  the  different  periods  and  the  costs  of  the  chemicals  are 
shown  in  the  following  tables  :  — 

Period  L    June  10  to  July  7, 1893. 


Efficiency. 

Per  Cent, 
of  Organic 

Matter 
Removed, 
as  shown 

by 
Chemical 
Analysis. 

Sospended 

MaUer. 
In  Elfiaent 

Parts  per 
100,000. 

Djuly  Qcamtitt  or 
Skwaqk  Tkkatkd 

IS  OmK  T4MK. 

THonsANDS  or 
Gallons. 

Fob  Ovb  Miluov  Oallohs. 

• 

Avenge. 

Mazlmnm. 

Cost  of 

Chem* 

Icals. 

Lime. 
Pounds.* 

Copperas. 
Pounds. 

Alam. 
Pounds. 

Ferric 
Sulphate. 

FoaDds. 

Tankl,      . 
"     2,      . 
"     8,      . 
••     4,      . 

Not  in  op 
60t 

6.7 
6.4 
eratioQ. 
2.8 

608 
608 

4«6 

800 
602 

642 

•7  44 
8  17 

10  80 

762 
418 

666 

616 

688 
766 

- 

Pertod  IL    July  8  to  August  4, 1893. 


Tank  1,      . 

41t 

1 
6.4 

606 

766 

$6  70 

744 

876 

- 

- 

"     2.      . 

46t 

6.7 

608 

740 

7  40 

486 

- 

642 

- 

♦•8,       .  • 

44t 

0.8 

604 

786 

8  21 

781 

766 

- 

- 

56t. 

'3.8 

454 

612 

020 

626 

863 

886 

- 

•  When  dolomite  lime  was  emploved  only  two-thirds  of  its  weight  la  need  in  thia  table. 

t  The  percentage  parlflcation  Indicated  bv  these  flgarea  is  too  low,  owing  to  the  partial  aedlmeota> 
tlon  of  the  eewage  analysed,  already  referred  to  on  pages  602,  603.  The  effidenoy  of  the  plant  as  a 
whole  is  discussed  beyond.    The  flgnrea  for  eaoh  period,  however,  are  comparable  among  themaelTea. 
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Period  III.    Augutt  5  to  September  1, 1893. 


Effldencgr. 

Daily  Quaiititt  or 
Skwaok  Tssatbd 

Percent 
ofOrgMDic 

Matter 
Kemored, 
as  shown 

Chemlciil 

Analysts. 

Sospended 
Matter 

In  ICfllnent 

Parts  per 
100,900. 

nr  Omk  Takk. 

THOtBAJlOa  OF 

Oallohs. 

Fob  Omb  Milliob  Oalloks. 

ATente. 

Meadmom. 

Ooetof 

Chem- 

Icale. 

Lime. 
Pounds.* 

Copperas. 
Pounds. 

Alum. 
Pounds. 

Ferric 
Sulphate. 

Pounds. 

Tank  1,      . 

«t 

o.e 

698 

860 

$6  71 

1,083 

886 

- 

- 

••    a.    . 

4at 

0.9 

600 

868 

7  13 

496 

- 

488 

- 

"    s,    . 

42t 

7.8 

608 

840 

882 

1,008 

671 

- 

- 

-     4,      . 

Mt 

6.1 

440 

614 

0  70 

1,079 

744 

- 

- 

Period  IV,    September  2  to  September  29^  1893. 


Tankl. 
"     8. 


88r 

6.9 

651 

912 

$7  08 

1,000 

891 

- 

46t 

8.2 

672 

908 

8  76 

620 

- 

646 

89t 

7.1 

666 

042 

8  64 

864 

867 

- 

•61t 

4.1 

666 

770 

11  16 

1,278 

820 

- 

176 


Period  V,    September  30  to  October  27, 1893. 


Tsnkl. 

"    a. 

*     8. 
•*     4, 


84t 

7.2 

674 

809 

•6  70 

1,060 

604 

- 

46t 

6.2 

622 

604 

948 

on 

- 

723 

•If 

6.9 

666 

828 

9  18 

798 

- 

- 

87t 

4.1 

679 

88S 

10  82 

1,800 

1,002 

- 

417 


Character  of  the  Sludge. 

The  quantity  of  sladge  pressed  was  estimated  by  weighing  an  occa- 
sional representative  pressing.  No  separate  record  could  be  kept  of 
the  weights  of  sludge  from  the  different  tanks.  Analyses  of  the 
pressed  sludge  were  made  from  time  to  time.  Its  composition  was 
quite  constant,  the  average  result  being  — 

Moisture, 68.0  per  cent 

Dry  matter, 42.0      "* 

The  dry  matter  contained  — 

Ash, 55.6  per  cent. 

Loss  on  ignition  (in  a  radiator),        .        .        .        •        .44.4       ** 

Fats, 8.2       •• 

*  Wlieii  dolon>lte  lime  wee  employed  only  t-wo«tblirda  of  Its  -weight  Is  used  In  this  table. 

t  The  percentage  purification  Indicated  bv  tbese  figures  Is  too  low,  owing  to  the  partial  sedimenta- 
tion of  tbe  sewage  analysed,  already  referred  to  on  pages  '602,  608.  The  efficiency  of  the  plant  as  a 
wbole  la  discnaeed  beyond.    Tbe  figures  for  eacb  period,  however,  are  comparable  among  themselves. 
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During  May  and  June  occasional  **  soft"  pressings  were  obtained, 
which  decreased  the  percentage  of  dry  matter  in  the  total  output. 
The  presses  were  but  rarely  able  to  press  the  sludge  promptly  as 
produced,  and  on  two  occasions,  July  13  and  September  4  to  6,  it 
was  necessary  to  discharge  unpressed  sludge  into  the  lake  to  aToid 
a  nuisance  at  the  works.  There  was  also  a  slight  accidental  dis- 
charge in  October.  The  sludge  was  usually  pressed  without  the  addi- 
tion of  lime.  With  copperas  as  a  precipitant  the  addition  of  lime  to 
the  sludge  had  little  effect  upon  the  rapidity  of  pressing.  With  alum 
as  a  precipitant  the  addition  of  lime  allowed  somewhat  more  rapid 
work,  but  the  same  result  was  obtained  by  mixing  the  sludge  from 
copperas  with  the  alum  sludge. 

The  quantities  of  sludge  pressed  in  the  different  periods  are  shown 
in  the  following  table.  The  table  also  includes  estimates  of  the 
quantity  of  sludge  on  hand  and  of  the  quantity  discharged  into  the 
lake  reduced  to  the  basis  of  pressed  sludge  cake.  These  estimates, 
based  in  part  upon  the  observed  heights  of  sludge  in  the  tanks  at 
different  times,  are  necessarily  only  rough  approximations. 


Summary  of  Sludge  Statistics, 

[In  tons  of  preeeed  sludge.] 


PBBxoD-iaes. 

Quantity 

ofSewsffo 

Treated. 

Million 
Oallona. 

Slodge 
Pressed. 

Dis- 
charged 
into  Lake 
Michigan. 

Stock  of 
Unpressed 

Sludge 

on  hand  at 

end  of 

Period. 

Qnantlty 

Freelpl- 

Uted 

during 

Period. 

percent 

of  Dry 
Matter  In 

Sludge. 

Tons  Dry 

Matter 
In  8iodge 

Slodfs 

UsUoni 
Sewsie. 

April  16  to  June  0, 
June  10  to  July    7, 
July    8  to  Aug.    4, 
Aug.   6  to  Sept.  1» 
Sept.    2  to  Sept.  20, 
Sept.  80  to  Oct.  27, 

47 
52 
68 
71 
60 
71 

86 
140 
192 
250 
207 
820 

18 

88 

4 

10 
86 
10 
46 
10 
80 

06 
165 
180 
286 
205 
8U 

88 
41 
42 
42 
40 
88 

86.1 

67.6 

76.6 

110.7 

118.0 

180.7 

z»v 

Totals  and  av'ges, 

373 

1,284 

60 

80 

1,804 

40 

647.7 

_ 

Efficienot  of  the  Process. 

As  stated  above,  it  was  found  that  large  quantities  of  insoluble 
matters  were  removed  from  the  sewage  by  sedimentation  in  the 
sewers  between  **  blows,"  and  when  **  blows  "  occurred  these  matters 
were  washed  out,  so  that  the  sewage  at  these  times  was  often  several 
times  as  concenti'ated  as  at  other  times.  The  concentrated  sewage  is 
not  properly  represented  in  the  sewage  samples  taken  for  examina- 
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lion  owing  to  the  difficulty  or  impossibility  of  getting  samples  at  these 
times ;  or,  in  case  samples  were  taken,  of  determining  what  propor- 
tion of  the  daily  flow  was  of  the  same  character  as  the  samples.  For 
this  reason  the  efficiency  of  the  plant,  as  calculated  from  the  chem- 
ical analyses,  is  considerably  below  the  actual  efficiency.  We  have, 
however,  a  fairly  satisfactory  record  of  the  quantities  of  organic  mat- 
ters in  the  sludge  and  in  the  effluents,  and  by  adding  them  together 
we  can  obtain  an  approximate  estimate  of  the  matters  in  the  sewage, 
which  is  probably  much  more  accurate  under  the  circumstances  than 
the  direct  calculation  from  the  average  analyses. 

Efficiency  of  PrecipitcUton, 

[By  foar  weeks*  perloda.] 


PERIOD. 

lass. 

ATerage 

Qaantlty  of 

8ewage 

Treated 

Dally. 

Thonsand 
tiailons. 

Tons 

Organic 

Matter  In 

the  Sewage 

Calcnlated 

flrom 
Analyses. 

Tons 

Organic 

Matter  In 

the  Efflaent. 

Tons 

Orgsnic 

Matter  In 

the  Sludge. 

Sam  Total 

Organic 

Matter  In 

the  8owaga. 

Corre- 
sponding 
Percentage 
of  Organic 

Matter 
Removed. 

AprUUtoJano   9,    . 
Jnoe  10  to  July    7»     • 
Jaly    OtoAng.    4,    . 
Aug.    6  to  Sept.  1»     • 
Sept.    2  to  Sept.  29,    . 
Sept.  80  to  Oct.   27,     . 

880 
1,660 
2,261 
2,529 
2,453 
2,541 

62.9 
60.1 
90.5 
94.6 
102.6 

28.5 
34.3 
46.8 
61.1 
64.6 

16.2 
80.4 
84.0 
63.0 
53.1 
58.8 

58.9 

68.3 

100.7 

114.2 

128.4 

62 
AO 
64 

46 

48 

ToUl,  Jane  10  to  Oct.  27, 

2,830 

410.7 

235.3 

280.2 

466.5 

40 

This  calculation  indicates  that  for  the  entire  period  the  error  in 
the  average  analyses  of  the  sewage  was  12  per  cent.,  but  that  during 
the  first  part  of  the  time,  when  <<  blows"  were  less  frequent  the 
error  was  less  and  for  the  last  two  months,  with  almost  continual 
**  blows,**  the  error  was  greater. 

The  calculation  shows  that  as  a  result  of  the  operation  of  the  works 
for  the  twenty  weeks  for  which  complete  data  are  available,  sub- 
stantially one-half  of  the  total  organic  matters  of  the  sewage  was  re- 
moved by  the  precipitation.  This  efficiency  is  slightly  less  than 
was  indicated  for  the  Worcester  plant  by  the  examination  of  the 
Massachusetts  State  Board  of  Health  in  1891,*  and  is  less  than  we 

•  Annual  Report,  1891,  page  267.  [Daring  this  examination,  which  was  made  for  the  week  ending 
Jaly  29, 1891,  the  average  nmoant  of  organic  mailer  removed  from  the  Worcester  sewage  was  56  per 
cent.  Since  Mr.  Hazen's  paper  was  written,  the  annual  report  of  the  superintendent  of  sewers  of  the 
dty  of  Worcester  for  1808  has  been  issued,  and  extracts  from  It  may  be  found  on  pages  343-345  of  this 
voltuie.  An  there  slated,  the  average  amount  of  organic  matter  removed  from  the  sewage  from  July 
10  to  Dec.  1, 1898,  was  about  60  per  eent.    Bs.  j 
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had  hoped  to  obtain.  The  experiments  made  at  Lawrence  in  1889  * 
had  indicated  that  chemical  precipitation  might  remove  as  much  as 
60  per  cent,  of  the  total  organic  matter  of  the  sewage. 

The  above  calculation  includes  practically  the  whole  operation  of 
the  plant,  with  all  the  conditions  as  they  actually  existed.  Some 
of  the  unfavorable  conditions  which  have  been  mentioned  could 
hardly  have  been  anticipated,  and  in  a  permanent  plant  would  have 
been  rectified ;  but  there  was  no  opportunity  for  changes  in  the 
short  time  that  the  plant  was  operated  in  Chicago.  With  the  single 
exception  of  the  test  of  the  Worcester  plant  for  one  week,  men- 
tioned above,  I  do  not  know  of  any  results  which  can  be  fairly  com- 
pared with  these,  as  it  is  manifestly  unfair  to  compare  the  entire 
operation  of  one  plant  with  a  single  set  of  analyses  from  another 
plant,  taken,  perhaps,  under  the  most  favorable  conditions  possible ; 
and  it  must  be  admitted  that  our  knowledge  in  regard  to  the  total 
result  of  the  operation  of  other  chemical  precipitation  works  is 
extremely  limited. 

The  erroneous  impression  which  may  result  from  a  single  set  of 
analyses  was  well  illustrated  by  the  analyses  of  sewage  and  of  efflu- 
ents from  the  Chicago  works  taken  at  noon,  August  14,  when  the 
sewage  had  reached  its  full  strength,  but  while  the  effluent  was 
mainly  from  the  diluted  sewage  of  the  preceding  night.  The  results 
of  these  analyses  indicated  that  88  per  cent,  of  the  organic  matters 
of  the  sewage  had  been  removed,  and  were  of  course  entirely  mis- 
leading. 

The  disappointingly  low  efficiency  of  the  plant  is,  I  believe,  to  be 
attributed  solely  to  the  unfavorable  conditions  for  sedimentation 
present  in  the  tanks.  The  violent  fluctuations  in  the  flow,  indeed, 
made  it  impossible  to  apply  the  chemicals  to  the  sewage  with  that 
regularity  which  is  necessary  for  the  best  results,  and  the  agitation 
of  the  sewage  in  passing  from  the  outlet  of  the  sewer  to  the  settling 
tanks  was  such  that  minute  air-bubbles  were  constantly  inclosed  in 
the  precipitate,  often  causing  it  to  rise  at  first  instead  of  sinking ;  but 
in  spite  of  these  minor  difficulties  I  believe  comparatively  good  results 
would  have  been  obtained  had  better  opportunities  for  sedimentation 
been  present.  This  is  strongly  suggested  by  the  record  of  Tank  4, 
which,  during  the  first  three  periods,  was  protected  from  the  exces- 
sive flows  at  the  times  of  *  *  blows  "  by  sending  the  extra  volume  through 

*  Special  Report  of  the  IduMMchaeetta  State  Board  of  Health  on  Pariflcatlon  of  Sewage  and  Watart 
1890. 
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the  other  tanks,  and  it  so  received  a  somewhat  smaller  and  very  much 
steadier  flow.  While  the  tank  was  so  operated  it  constantly  gave  a 
very  much  better  effluent  than  the  other  tanks,  and  for  the  whole 
period  averaged  a  removal  of  58  per  cent,  of  the  organic  matters  of 
the  sewage  passing  through  it  at  an  average  daily  flow  of  456,000 
gallons,  while  all  the  other  tanks  for  the  same  time  removed  only 
about  50  per  cent,  of  the  organic  matters,  with  average  flows  of 
635,000  gallons  daily. 

The  prejudicial  efi^ct  of  these  excessive  flows  for  short  periods  is 
believed  to  be  mainly  due  to  the  general  stirring  up  which  they  gave 
to  the  contents  of  the  tanks.  They  did  not  last  long  enough  for  any 
of  the  sewage  coming  in  them  to  pass  through  the  tanks  before  the 
ordinary  rate  was  restored.  The  sloping  surfaces  of  the  bottoms  of 
the  tanks  were  always  covered  with  more  or  less  sludge,  which  was 
apparently  to  some  extent  loosened  and  mixed  again  with  the  sewage 
at  these  times,  and  did  not  again  completely  settle  back,  but  was 
instead  carried  oat  by  the  effluent,  reducing  seriously  the  total 
efficiency. 

It  was  shown  by  several  series  of  chlorine  determinations  that^the 
incoming  sewage  did  not  with  any  regularity  displace  the  sewage 
previously  in  the  tanks,  but  to  a  very  large  extent  mixed  with  it,  and 
a  fraction  of  it  appeared  in  the  effluent  almost  at  once,  long  before 
the  displacement  equalled  the  capacity  of  the  tank.  This  tendency 
may  have  been  increased  by  the  irregularities  of  the  flow,  as  it  un- 
doubtedly was  by  the  variations  in  the  temperature  of  the  sewage.  It 
was  repeatedly  observed  that  the  turbidity  of  the  effluents  increased 
very  much  in  the  latter  part  of  the  afternoon,  often  being  two  or 
three  times  as  great  at  five  o'clock  as  at  noon ;  and  it  was  thought 
possible  that  the  slightly  increased  temperature  of  the  afternoon 
sewage  might  have  caused  it  to  come  at  once  to  the  top  and  flow  out, 
leaving  the  colder  night  and  morning  sewage  in  the  tanks,  or  it 
may  have  been  simply  the  effect  of  the  continued  higher  flow  during 
the  hours  in  the  middle  of  the  day  which  brought  this  suspended 
matter  to  the  top  only  after  continuing  for  some  hours. 

The  slowness  with  which  the  sludge  was  removed  from  the  tanks 
undoubtedly  contributed  its  share  to  the  imperfect  results,  although 
it  must  be  said  that  sludge  was  also  present  in  Tank  4  when  it  was 
doing  uniformly  excellent  work  with  a  limited  flow.  The  sludge 
which  settled  on  the  conical-shaped  bottoms  of  the  tanks  did  not  of 
itself  settle  to  the  point  of  the  cone,  but  required  to  be  pushed  down 
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at  intervals  of  two  or  three  days  by  a  heavy  weight  which  was 
pulled  back  by  means  of  an  attached  rope.  The  fact  that  the  lower 
plates  overlapped  the  upper  and  were  secured  by  a  row  of  heavy 
projecting  rivets,  making  ledges  at  every  joint,  may  have  had  some- 
thing to  do  with  the  failure  of  the  sludge  to  slide.  The  filter  presses, 
although  their  capacity  was  continually  increased  as  improvements  in 
details  of  construction  and  operation  were  effected,  only  removed  the 
sludge  so  slowly  that  there  was  hardly  a  time  during  the  whole  oper- 
ation of  the  plant  when  there  was  not  sludge  waiting  to  be  pressed. 
At  times  the  quantity  so  held  became  troublesome  by  decompos- 
ing, and  on  two  occasions,  as  has  already  been  stated,  it  was  neces- 
sary to  discharge  some  of  it  unpressed  into  the  lake  to  avoid  a 
nuisance  at  the  works.  There  was  always  plenty  of  sludge  on  the 
bottoms  and  sides  of  the  tanks  to  be  washed  out  when  the  occasion 
was  favorable. 

SmiMARY. 

In  an  experimental  way  the  sewage  cleansing  works  of  the  World's 
Columbian  Exposition  have  served  to  indicate  some  of  the  peculi- 
arities of  the  form  of  settling-tank  used,  and  have  clearly  defined 
some  forms  of  construction  which  should  not  be  repeated. 

In  a  practical  way  they  succeeded  in  holding  back  from  Lake 
Michigan  thirteen  hundred  tons  of  sludge  removed  from  the  sewage 
treated,  and  containing  two  hundred  and  fifty  tons  of  actual  organic 
matters.  They  prevented  the  sewage  from  making  a  nuisance  along 
the  lake  front  such  as  often  resulted  from  one  of  the  city's  sewers 
discharging  untreated  sewage  just  north  of  the  grounds,  and  they 
reduced  the  danger  of  infection  of  the  water  drawn  from  the  Hyde 
Park  intake  and  supplied  to  the  fair  grounds  and  to  the  southern 
part  of  the  city  of  Chicago. 

As  an  object  lesson  to  thousands  of  visitors  they  have  given  new 
ideas  as  to  the  possibility  and  necessity  of  sewage  treatment  and  as 
to  modern  methods  of  securing  the  cleanliness  of  the  waters  on  which 
many  cities  and  towns  are  located. 
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APPENDICES. 


APPENDIX   I. 

Showing  Daily  Volume  of  Sewage  in  Thousands  of  Gallons, 


Dat  or  BfoHTH  — IMS. 


M«j> 


Jon«. 


July. 


AufUflt. 


September. 


October. 


1. 

». 
4. 

5. 


8. 

•. 
10. 
It. 
12. 
13. 
14. 
». 
W, 
". 
18, 
1». 


ao. 


21. 
22, 

28. 

21. 
2&, 
28. 
27. 
28, 
29, 
», 


•        •        •        •        • 


Totali,  .... 
AvenfM, 


•       . 


718 
852 
807 
88S 

848 
1,082 
1,149 
1,100 

983 
1,065 
1,017 
1,040 
l,tt0 
1.400 


776 
1,101 
1,184 
1,244 
1,358 
1,838 
1,348 
1,020 
1,452 
1,477 
1,231 
1,401 
1,004 
1,728 
1,841 
1,780 
1,043 
1,722 
1,617 
1,887 
1,002 
1,000 
2,033 
1,070 
1,701 
2,006 
2,046 
1,823 
1.828 
1,848 


48,808 
1,027 


1,042 
1,780 
1,084 
2,472 
2,300 
2,255 
2,164 
2,211 
1,918 
2,160 
2,208 
2,280 
2,364 
2,337 
2,600 
1,871 
2,407 
2,483 
2,433 
2,760 
2,523 
2,506 
1,420 
1,874 
2,108 
2,201 
2,310 
2,540 
2,651 
1,573 
2,022 


2,421 
2,255 
2,426 
2,888 
2,708 
1,000 
2,120 
2,261 
2,484 
2,862 
2,681 
2,784 
1,410 
2,376 
2,578 
2,886 
2,560 
2,406 
2,057 
2,222 
2,764 
2,660 
2,746 
2,006 
2.730 
2.040 
1,067 
2,810 
2,811 
2,8U 
2,825 


68,683 
2,216 


77,408 
2,407 


2,810 
2,801 
2,152 
2,581 
2,662 
2,010 
8,186 
8,116 
8,147 
1,800 
2,761 
2,788 
2,858 
2,808 
2,271 
2,305 
1,870 
2,463 
2,270 
2,288 
2,880 
2,481 
2,860 
1,667 
2,170 
2,800 
2,426 
2,150 
2,008 
2,285 


1.070 
2,850 
2,304 
2.630 
2,424 
2,477 
2,821 
1,852 
2.035 
2.650 
2.644 
2.055 
2,7U 
2,478 
1,008 
2,840 
2,722 
2.504 
2,681 
2,726 
8,040 
1,062 
2,720 
2.814 
2.760 
2,703 
2.648 
2,926 
2,207 
2,203 
1,503 


72,742 
2.425 


77,772 
2,500 
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APPENDIX   II. 


Showing  Percentages  of  Total  Daily  Volume  for  the  Different  Eourt  of  the  Day. 


HOUft  EKDWa  AT  — 

May. 

Jnne. 

Jaly. 

Aoguftt. 

September. 

October. 

Whole 
Time. 

1A.M 

2.0 

8.1 

8.0 

8.1 

2.7 

• 

3.0 

3.0 

2    •• 

2.2 

8.8 

8.1 

8.2 

2.7 

•      2.6 

2.0 

«     " 

2.0 

8.2 

2.9 

8.0 

2.8 

2.1 

2.6 

4    " 

2.8 

2.7 

8.0 

8.0 

2.7 

8.1 

2.0 

6    " 

2.ft 

2.8 

2.9 

8.0 

8.1 

2.9 

6    " 

2.9 

8.0 

2.9 

2.9 

8.8 

8.0 

7    " 

8.7 

2.0 

2.8 

8.0 

2.7 

2.8 

8    " 

8.0 

8.2 

8.0 

2.9 

8.0 

•    " 

4.8 

8.8 

8.7 

4.0 

4.0 

10    « 

0.8 

4.0 

4.8 

4.0 

4.4 

11    " 

ft.ft 

4.8 

4.7 

6.0 

4.0 

12  X 

4.7 

4.0 

6.2 

6.0 

6.2 

1  F']K>(               •            •            •            ■ 

0.4 

6.4 

6.4 

6.8 

6.0 

2    " 

6.7 

6.8 

6.2 

6.9 

0.0 

8    " 

0.8 

6.0 

6.0 

6.8 

6.9 

4    •• 

fi.7 

0.1 

6.4 

6.6 

6.4 

6    " 

0.2 

6.6 

6.6 

6.6 

6.6 

6    " 

4.7 

6.0 

6.9 

6.6 

6.6 

7    " 

4.0 

6.8 

4.0 

6.6 

6.8 

8    " 

8.7 

6.1 

4.9 

4.0 

6.0 

©    " 

8.8 

4.2 

4.1 

8.6 

4.0 

10    •• 

8.1 

8.7 

8.8 

8.8 

8.0 

8.0 

11    •• 

8.1 

8.1 

8.1 

8.6 

2.8 

8.2 

12    " 

2.9 

2.8 

4.2 

8.6 

8.4 

2.0 

ToUU 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 

100.0 
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APPENDIX   III. 


Showing  (he  Numimr  ^  ^  Bktwa'*^  on  each  Day,  The  aetuiU  Number  of  Blows  is 
recorded^  except  that  when  they  occurred  at  very  frequent  intervals  for  a 
Number  of  Hours  in  succession,  the  Number  of  Hours  has  been  substituted 
far  thd  Number  of  Blows, 


XUxov  Month -18M. 

AprU. 

Maj. 

JQoo. 

Jalj. 

Aagoft. 

September. 

October. 

1 

- 

% 

0 

4 

8 

«» 

- 

a 

0 

8 

4 

8, 

- 

a 

8 

2 

12 

4, 

- 

» 

4 

4 

2 

*» 

- 

a 

1 

0 

1 

•. 

- 

» 

0 

0 

8 

T 

- 

10 

a 

0 

4 

4 

«. 

- 

0 

0 

10 

0 

9 

- 

1 

0 

1  • 

10 

4 

10, 

- 

10 

0 

0 

10 

0 

u 

- 

1 

0 

8 

0 

M. 

- 

la 

0 

8 

% 

M, 

- 

10 

0 

0 

0 

H 

a 

t 

T 

0 

1*» 

» 

0 

t 

0 

0 

w.' 

0 

t 

4 

4 

", 

** 

1 

0 

0 

U 

M. 

• 

& 

s 

2 

U 

M. 

» 

0 

4 

0 

0 

» 

10 

4 

1 

1 

u 

n, 

* 

10 

0 

0 

0 

a. 

X 

6 

2 

8 

0 

« 

0 

a 

0 

0 

0 

H 

^ 

\ 

0 

0 

16 

»b 

^ 

0 

0 

8 

18 

«k 

0 

8 

8 

6 

n 

0 

6 

2 

0 

a 

4 

0 

8 

T 

». 

• 

10 

10 

8 

»* 

0 

0 

1 

0 

11 

«i 

- 

- 

s 

- 

8 
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APPENDIX   IV. 


Showing  Hourly  Variation  in  Temperature  of  Sewage. 

[Average  temperatare  (in  Oentigrade  deyreee)  of  Mwage  at  the  different  honra  of  the  day  for  perioda  of 

ten  oooaeoatlve  daya.] 


Houi. 


Sept.  U 

to 
Sept.  M, 

1S9S. 


Oet  1 

to 
Oct.  10, 

1S9S. 


Oct  14 

to 
Oct.  S8, 

1S9S. 


Days. 


Ab0Ta 
Mlninom 
ATenft. 


IJO,  . 

2^,  . 

ZM,  . 

4J0.  . 

6^.  . 

6J0,  . 

TJX),  . 

8JM>,  . 

9.80,  . 

10.80,  . 

11.30,  . 
12JM)P.X.,  . 

1.80,  . 

2.80,  . 

ZJdO,  . 

4J0,  . 

6UM),  . 

9M,  . 

7.80,  . 

8.80,  . 


0.80. 


10.80, 
IIJX), 


21.82 
21.06 
21.01 
21.10 
21.0i 
21.18 
21.88 
20.80 
21.16 
21.1T 
21.16 
21.88 
21.27 
21.19 
21.22 
21.22 
21.88 
21.37 
21.44 
21.20 
21.26 
21.20 
21.21 
21.06 


17.28 
17.81 
17.21 
17.06 
16.00 
16.06 
16.86 
16.98 
17.16 
17.26 
17.48 
17.60 
17.60 
17.68 
17.70 
17.66 
17.61 
17.64 
17.66 
17.88 
17.48 
17.64 
17.88 
17.81 


14.88 
14.24 
14.16 
14.00 
14.00 
18.91 
18.79 
14.08 
18.01 
14.48 
14.86 
14.76 
14.60 
14.86 
14.73 
14.92 
14.70 
14.76 
14.40 
14.41 
14.80 
14.66 
14.62 
14.29 


17.64 
17.68 
17.46 
17.42 
17.81 
17.86 
17.84 
1T.80 
17.48 
17.68 
17.66 
17.80 
17.79 
17.80 
17.88 
17.98 
17.90 
17.92 
17.80 
17.66 
17.60 
17.88 
17.60 
17.66 


0.84 
0.88 
0.10 
O.U 
0.01 
0.06 
0.0« 
0.00 
O.U 
0.81 
0.85 
0.W 
0.48 
0.50 
0.58 
0.61 
0.00 

o.a 

0.10 
0.86 
0.89 
0.68 
0J» 
0.96 
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APPENDIX    V. 

Shoudng  Hourly  Range  in  the  Chlorine  of  the  Sewage  and  Effluents. 

[Avenge  chlorine  In  eewage  or  efflaent  at  the  different  hours  for  four  or  five  consecutive  days.] 

[ParU  per  100,000.] 


HOUR. 


Bewage 
Hay  0  to  18, 

1S9S. 


Sewsge 

May  80  to 

June  S, 

180S. 


Effluent 

Tank), 

May  80  to 

June  3, 


Sewsge 

August  21  to 

August  8ft, 

1S»8. 


Effluent 

Tank  1, 

August  21  to 

August  3S, 

1S9S. 


12P.X., 

8  A.M., 

6    •« 

8    •• 

»  " 
10  «• 
U  " 
ISx^  . 

IPJI., 

s  «• 

8  •• 
4  - 
6  " 

6  • 

9  •• 
12  •• 


Average  daily  flow  of  sewage  estl- 
iDAied  at 


4.04 
1.78 
1.28 
0.88 
0.06 
0.06 
1.27 
2.24 
2.88 
8.70 
4.86 
6.61 
6.66 
6.20 
4.00 
4.04 


8.66 
6.87 
8.87 

0.97 
1.86 
2.01 
7.76 
7.28 
8.60 
7.09 
9.24 
7.89 
7.87 
9.86 
8.66 


6.98 
6.04 
6.10 

6.98 
6.90 
6.68 
6.86 
6.28 
6.82 
6.89 
6.47 
6.67 
6.66 
6.97 
6.98 


760,000 


1,160,000 


8.42 
1.27 
0.86 
2.47 
4.80 
6.66 
6.18 
7.18 
6.29 
7.74 
7.10 
7.24 
7.96 
7.46 
8.42 
8.42 


7.84 
6.86 
6.19 
4.69 
4.11 
8.96 
4.11 
4.18 
6.01 
4.46 
6.17 
6.68 
6.67 
7.14 
7.89 
7.76 


2,794,000 


It  is  seen  that  with  the  low  flow  in  May  the  day  sewage  was  being 
slowly  forced  out  of  the  sewers  all  through  the  night.  During  the 
forenoon  nothing  but  slightly  dirty  water  was  received,  and  at  about 
noon  the  morning  sewage  first  made  its  appearance  at  the  works. 
In  Angosty  with  three  times  as  great  a  flow,  the  morning  sewage 
was  noticeable  as  early  as  eight  o'clock,  and  at  nine  it  had  become 
quite  concentrated.  Afterward  it  slowly  increased  in  strength  until 
nine  in  the  evening,  after  which  the  sewage  was  rapidly  displaced  by 
clear  water,  and  from  midnight  until  morning  very  little  sewage 
matter  was  received. 
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APPENDIX    VI. 

Sarnptes  oj  Sewage  and  Effluent  taken  at  Noan  when  the  Bewage  htvl  retKhed  tU 
full  Concentralto7i  atid  while  the  Effluent  wan  derived  Jrom  the  Dilute  Sewage 
of  the  Preceding  Night. 

[pMits  per  100,000.] 


Tempera- 

APPkAB- 
AKGB. 

Rksiduk  ok  Cvapobation. 

• 

1 
8 

1 

NlTSOOBV  kM 

TOTAL  BSSIDITS. 

Loesov 

ALBUMIVOtD. 

ture. 

Degreet 
Centi- 

i 

lOXITIOV. 

1 

s 

▲MMOXKA. 

B 

J 

• 

• 

1 

1 

• 

1 

1 

• 

! 
t 

i 

grade. 

1 

• 

1 

► 

0 
I 

► 

OQ 

a 

1 
s 

o 

1 

► 

1 

S 

1 

m 
o 

00 

< 

I 

! 
S 

Sewage, 

22.5 

.70 

1.20 

84.2 

66.0 

20.2 

1 

50.0 

26.6 

28.4 

t.ti 

3.52 

1.00 

.80 

.61 

4.60 

0 

0 

EfBaent, 

21.6 

.06 

0.20 

1 

22.4 

1 

21.4 

1.0 

7.6 

6.8 

0.8 

a.ra 

0.86 

0.14 

.14 

.001.10 

0 

0 

*  Determined  after  filtration  throagfa  filter-paper. 
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Showing  Monthly  Attendance  al  the  Fair  in  eomparieon  with  the  VolumeoJ  Sewage 

produced,* 


VonB— 189S. 


Sewage. 

Thontands 

of 

Gallons. 


May,      . 

Jane, 

July,      . 

Angnat, . 

Beptemter, 

October, 

Totala  and 
Averagee, 


29,70»t 

4M6t 

68,688 

77,406 

72,742 

77,772 


APPBOUMATB  ATTBXDAaCB  HI  THOUeAHDa. 


875,112 


Paid 
Admlaalont. 


1,050 
2,676 
2,762 
8,616 
4,650 
6,866 


21,527 


Pboto- 
iphlc 


Worknon. 


466 


1,816 
1,172 
1,160 
1,168 


6,072 


466 


I 


Total 
Attendance. 


1,081 
8,875 
4,QT8 
4,687 
6,800 
8.084 


28»464 


per 

DlMi 

GflOlMia. 


16.0 

n^ 

16.9 

16.6 

12.6 

9.7 


n.t 


10.1 
16J 
S.6 
S1.4 
16J 
12.6 

17.S 


*  The  sewage  reoeived  at  tbe  deanaing  works  waa  from  Jaekeon  Park  only,  tke  Midway 
draining  Into  dty  aewers,  and,  aa  the  attendance  included  both  Jackion  Park  and  the 
neoeeaary  for  ihia  calculation  to  eetimate  the  quantity  of  aewage  prodveed  tn  ikm  Plalaaoea. 

t  Batimated. 
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APPENDIX   VIII. 

Showing  the  Quantities  of  Various  Substances  and  the  Number  of  Bacteria  in  the 

Sewage  for  Each  Person  admitted  to  the  Fair  Grounds, 


MoxTH  —  1S93. 


Sewftffe 
per  Person. 

Oallona. 


Rewage 
per  Person. 

Liters. 


GMorlne 
per  Person. 

Orams. 


Hitmgen  in 

Free 

Ammonia 

per  Prrson. 

Orams. 


Kltrogen  in 

Albuminoid 

Ammonia 

per  Person. 

Orams. 


TnUl 

Nitrogen 

per  Person. 

Orams. 


Bacteria  In 

Billions 
per  Person. 


Jane, 

16.8 

62 

July,        .        . 

22.0 

84 

Aaguat, 

21.4 

81 

Beptember, 

16.8 

62 

October,  . 

12.6 

48 

Averages,  . 

17.7 

67 

8.68 
4.20 
4.40 
8.49 
2.78 


2.06 
2.42 
2.71 
8.00 
2.88 


8.71 


2.ft0 


.61 
.68 
.68 
.68 
.48 


8.07 
8.48 
8.07 
4.06 
8.10 


.68 


8.66 


260 
284 
866 
166 
106 


282 


APPENDIX    IX. 

Showing  Quantity,  Composition  and  Cost  of  Chemicals  used  in  Precipitalion^ 

1.    Sulphate  of  Alumina. 

[From  BoBBBT  Btxvbnbok  &  Co.,  Chicago.] 

Cost,  in  barrels, |47  00  a  ton. 

Analysis, 

Insolnble  in  water, 06  per  cent. 

AlunilDE, 16.64 

Ferric  oxide,     , 60       " 

Sulphuric  acid 84.88       '* 

Moisture  and  undetermined, 48.92       ** 

n.    Sulphate  of  Alumina. 

[From  Mbbbimag  Chbmical  Company,  Boston  ] 
Cost,  in  bulk, (20  40  a  ton. 

Analysis, 

Insoluble  in  water,   .        .        .' 6.11  per  cent. 

Alumina, 13.17       " 

Ferric  oxide 1.31       " 

Sulphuric  acid 32.66 

Moisture  and  undetermined, 46.76       *^ 

Taking  into  account  the  difference  in  analyses  the  first  sample  was 
twice  as  expensive  as  the  second. 

*  The  oott  Ineladei  freight  to  Jaekton  Park  la  each  caee. 
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III.     CorPERAS. 
[From  Waihbubn  &  Mobm,  Waakegan,  III.] 

Cost,  in  bulk, |13  40  a  ton. 

AncUysis. 

Insoluble  in  water, 0.24  per  cent. 

Ferrous  oxide, 25.21 

Sulphuric  acid, 28.50 

Moisture  and  undetermined, 46.05 


u 


«t 


Cost,  in  barrels, 


IV.    Crddr  Ferric  Sulphate. 

[From  JoBBiNB  ft  Vak  Btmbbckb,  Aarora,  111.] 


|32  00  a  ton. 


An€Uy9i8, 

Insoluble  in  water, 12.00  per  cent. 

Ferric  oxide 22.76       " 

Sulphuric  acid, .        . 45.00       *• 

Moisture  and  undetermined, 20.24       ** 

• 

v.    Lime. 

[From  Chicaoo  Uiiion  Limb  Compamt  ] 
Cost,  in  barrels,  $0.60  a  baiTel  of  200  pounds,       .        .    f  6  00  a  ton. 

AncUysis. 

Insoluble  in  acid, 0.10  per  cent. 

Alumina  and  ferric  oxide. 


Calcium  oxide, .... 
Magnesium  oxide,  .  .  • 
Water,  carbonic  acid  and  undetermined. 

Lime  soluble  in  water, 


1.00 
57.10 
38.60 

8.20 


t( 


(( 


it 


55.01 


VI.    Lime. 

[From  Habntbal  Limb  Co.,  Hannibal,  Mo.] 

Cost,  in  barrels,  fO.75  a  baiTel  of  about  170  pounds, 
Cost,  in  bulk,  $0.22  a  bushel, 


18  80  a  ton. 
6  50    " 


AncUysia. 

Alumina  and  ferric  oxide, 1.50  per  cent 

Calcium  oxide, 95.00       " 

Water,  carbonic  acid  and  undetermined,         .        .        .3.50       *' 

Lime  soluble  in  water,     .  ' 93.00       " 

Even  at  the  higher  price  paid  for  the  Hannibal  lime  it  was  a  nouch 
more  economical  lime  to  use  on  account  of  the  much  higher  percent- 
age of  available  lime.  The  magnesia  present  in  the  local  lime  is 
without  value  in  sewage  treatment;  it  simply  adds  itself  to  the 
sludge. 
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Daring  the  first  weeks  an  attempt  was  made  to  apply  chemicals  in 
proportion  to  the  flow  of  sewage  without  having  any  fixed  schedule, 
but  the  plan  proved  to  he  too  complicated,  with  the  four  sets  of 
chemicals  for  the  four  tanks,  each  of  which  required  separate  regula- 
tion, pailicularly  during  those  hours  when  it  was  impracticable  for 
either  myself  or  my  assistant  to  closely  supervise  the  operation,  and 
after  a  little  while  the  following  arrangement  was  made  and  worked 
very  satisfactorily :  a  schedule  was  prepared  showing  the  quantity 
of  alum,  copperas,  or  ferric  sulphate  to  be  dissolved  for  each  tank 
at  7.30  A.M.,  3.30  and  11.30  p.m.  The  men  on  each  shift  com- 
menced work  half  an  hour  earlier  than  these  times.  Each  man 
weighed  the  quantities  of  chemicals  shown  by  the  schedule  into  the 
respective  tanks  used  for  this  purpose  and  dissolved  them  in  a  tank 
full  of  water,  using  at  first  steam,  and  in  the  summer  after  the  water 
became  warmer,  compressed  air  to  thoroughly  stir  up  the  contents  of 
the  tanks.  The  solutions  so  prepared  were  allowed  to  flow  into  the 
sewage,  varying  the  rates  with  changes  in  the  flow  of  sewage  as  well 
as  possible,  but  in  such  a  way  as  to  make  the  solution  last  through 
and  yet  be  exhausted  at  the  expiration  of  the  eight  hours'  shift.  The 
lime  schedule  was  arranged  somewhat  differently.  The  lime  was 
always  slaked  in  barrel  lots,  and  the  schedule  showed  the  hours  at 
which  lime  was  to  be  added.  Each  lot  was  made  to  last  until  the 
next  lot  was  slaked,  varying  the  flow  with  the  flow  of  sewage  as  far 
as  possible  within  that  time. 

A  constant  stream  of  water  was  kept  running  through  the  lime 
box  in  use  to  stir  up  and  wash  out  the  lime  as  required.  Water  from 
a  tap  instead  of  sewage  was  used  both  for  this  purpose  and  for  dis- 
solving the  other  chemicals,  on  account  of  the  practical  difficulty  of 
regulating  a  small  stream  of  sewage  with  the  slight  head  available. 
Patting  the  chemicals  into  the  sewage  at  four  points  instead  of  one, 
so  reduced  the  quantity  and  the  flow  of  water  required  to  carry  the 
chemicals  at  each  point,  that  when  sewage  was  used  for  mixing  the 
chemicals  the  gates  were  continually  becoming  stopped  with  sewage 
matters.  The  quantity  of  water  used  for  dissolving  the  alum,  cop- 
peras and  ferric  sulphate  was  about  six  thousand  gallons  daily ;  the 
quantity  used  for  carrying  the  lime  may  be  roughly  estimated  at  from 
twenty  to  forty  thousand  gallons. 

The  schedules  of  chemicals  were  arranged  to  make  the  quantities 
employed  on  the  different  shifts  approximately  proportional  to  the 
quantities  of  sewage,  some  allowance  being  made,  however,  for  the 
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more  dilute  sewage  during  the  night.  Usually  the  same  qusmtities 
of  chemicals  were  used  through  one  week,  except  that  as  a  rule  only 
half  as  large  a  quantity  was  required  on  Sunday,  while  on  special  days 
the  quantities  were  increased.  With  copperas,  as  much  lime  was 
ordinarily  used  as  would  give  a  strong  reaction  with  phenolphthalein 
in  the  effluent.  With  ferric  sulphate  and  alum  the  quantity  of  lime 
used  was  less  and  was  added  more  to  give  a  sludge  which  could 
be  easily  pressed  than  with  reference  to  the  effluent,  as  sewage  is 
sufficiently  alkaline  to  decompose  these  salts  without  the  use  of  lime. 
Variations  in  the  quantities  of  sewage  necessitated  very  frequent 
changes  in  the  chemical  schedules,  and  the  proportions  of  the  total 
quantities  used  on  the  different  shifts  were  also  varied  to  meet  chang- 
ing conditions.  In  calculating  the  cost  of  chemicals  the  weights  in 
the  note  books  have  been  taken,  and  these  weights  in  all  cases  foot 
up  somewhat  diff*erently  from  the  weights  bought,  the  error  usually 
being  under  3  per  cent.,  sometimes  in  one  direction,  sometimes  in 
the  other.  During  the  first  part  of  the  time  when  Alum,  I.  and  Lime, 
V.  were  being  used,  the  costs  were  very  much  higher  than  for  cor- 
responding quantities  of  Alum,  11.  and  Lime,  VI.  During  two  weeks, 
one  ending  July  14  and  the  other  September  8,  the  amount  of  lime 
used  was  limited  by  the  stock  on  hand. 

Quantilies  in  Pounds  of  Various  ChemiccUs  Employed  {by  Weeks), 


Wbbk  bvdi Vo- 

Sewaga. 

Alum, 

Alom, 

Copperas, 

Ferric 

Lime, 

Lime, 

Totol 

C^wiper 

lvos. 

ThouMnda 
of  Oals. 

I. 

U. 

ni. 

Sulphate, 
IV. 

v. 

VI. 

Coat. 

MlUtoa 
QaUooa. 

-April  21,    .       . 

2,000* 

2,000 

^^ 

^^ 

^^ 

^^ 

^ 

$47  00 

. 

April  28,    . 

3,000* 

2,728 

- 

» 

» 

770 

• 

66  52 

— 

May     6.    , 

6,000* 

4,531 

» 

• 

- 

• 

« 

106  47 

. 

May    12,    . 

6,000* 

5,131 

~ 

• 

» 

. 

— 

120  57 

. 

May    ».    . 

6,800* 

6,630 

« 

390 

» 

1,081 

- 

134  91 

. 

May   26,    , 

6,919 

4,950 

- 

1,650 

• 

4,808 

* 

141  80 

$20  49 

June    2,    . 

7.770 

1,860 

8,140 

1,760 

• 

7,891 

- 

111  13 

14  90 

June    9,    . 

0,540 

2,658 

2.4U0 

2,030 

» 

6,729 

» 

120  72 

12  65 

JuDe  10, 

11,371 

— 

4,900 

8,450 

» 

8.016 

- 

90  44 

796 

Juno  2:),    . 

12,604 

« 

6,460 

2,880 

» 

2,357 

6.430 

106  06 

886 

Juno  80,    , 

13,318 

« 

6,180 

4,120 

« 

- 

8,776 

118  18 

8  87 

July     7, 

14,866 

• 

6,020 

6,080 

— 

— 

9,983 

127  99 

8  61 

July   14,    . 

15,617 

» 

4,796 

4.815 

— 

— 

2,785 

93  16 

6  00 

July  21,    . 

16.086 

• 

4,900 

6,040 

• 

•- 

11,110 

ISO  25 

7  66 

July  28,    . 

15,069 

— 

2,170 

6,870 

. 

- 

11,963 

121  16 

804 

Aug.    4,    . 

15,736 

• 

2,250 

7.020 

- 

» 

14,258 

132  08 

8  46 

Aug.  11,    , 

15,619 

> 

2.170 

6,886 

- 

•- 

13,538 

128  26 

8  21 

Aug.  18,    . 

17,034 

• 

2,210 

7,020 

— 

« 

16,366 

187  07 

805 

Aug.  25,    , 

10,098 

> 

2,440 

7,880 

. 

• 

16,841 

148  59 

7  78 

Sept.    1,     . 

18,977 

• 

2.610 

7,620 

• 

- 

17,068 

148  18 

7  81 

Sept.    8,    . 

19.498 

— 

2.536 

7,410 

» 

8.270 

- 

98  34 

604 

Sept.  16, 

17,968 

» 

2.600 

7.935 

— 

009 

18,208 

165  08 

9  18 

Sept.  22,    . 

16,056 

« 

2,600 

4.874 

1,624 

• 

18,687 

167  66 

10  44 

Sept.  29,    . 

16,176 

* 

2,610 

6,526 

1,680 

• 

17,742 

172  92 

11  89 

Oct.     0, 

16,607 

• 

2,400 

0.826 

1,626 

* 

17.468 

150  10 

909 

Oct.    13,    . 

18,071 

• 

2,865 

7,800 

2,186 

• 

18,398 

173  09 

9  68 

Oct.    20,    . 

17,849 

* 

2,600 

6,826 

1,950 

« 

16.701 

167  36 

8  81 

Oct.    27,    . 

18,741 

" 

2,710 

7,110 

2,030 

~ 

16,680 

161  66 

868 

*  Satlmated. 
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APPENDIX   X. 

Distribution  of  Minei'dl  Matters. 

The  following  table  coDtains  calculations  of  the  quantities  of  min- 
eral matters  in  the  sewage,  chemicals  employed,  sludge  and  effluent 
for  the  different  periods.  Without  discussing  in  detail  the  method 
of  calculation,  it  may  be  stated  that  it  is  estimated  that  each  hun- 
dred pounds  of  lime  employed  adds  one  hundred  and  seventy  pounds 
to  the  mineral  matters  of  either  the  sludge  or  of  the  effluents,  and 
that  one  hundred  pounds  of  the  other  chemicals  add  fifty-three  pounds 
in  the  same  way. 


Jane  10 

to 
July  7. 

JalyS 

to 
Ang.4. 

Ang.6 

to 
SepLl. 

Sept.  2 

to 
Sept  29. 

Sept.  80 

to 
Oct.  27. 

ToUL 

Tons  of  lime  aaed, 

16.6 

SO.O 

81.4 

80.4 

81.6 

182.0 

ToDi  of  other  chemicalB, 

17.6 

18.9 

10.2 

18.6 

28.5 

07.6 

Umexl.TO,       ..... 

20.4 

84.1 

68.4 

61.6 

58.0 

224.4 

Other  ebemlodA  zO. 58,    . 

9.8 

10.0 

10.1 

0.0 

12.4 

61.7 

Bum, 

86.7 

44.1 

68.6 

61.6 

71.8 

276.1 

MlDend  matter  In  fewage  (tonB),  . 

«4.0 

64.0 

86.8 

88.7 

87.5 

886.4 

Bam, 

09.7 

100.0 

140.8 

155.2 

158.8 

662.6 

Mineral  matter  In  slndge. 

87.8 

41.6 

66.8 

64.0 

71.0 

281.4 

Mineral  matter  in  efflaent, 

64.4 

60.0 

80.6 

00.8 

05.8 

410.0 

Bnm, 

101.6 

111.5 

145.4 

155.2 

167.7 

601.4 

BxeeM  of  matters  In  efflaent  and  tlodge, 

1.9 

2.6 

6.6 

10.0 

8.0 

28.0 

The  excess  of  mineral  matters  in  the  sludge  and  effluent  is  to  be 
attributed  to  the  same  causes  as  the  excess  of  organic  matters,  but 
the  discrepancy  is  less,  owing  to  the  small  quantity  of  insoluble  min- 


eral matters  in  the  sewage. 
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APPENDIX    XL 

Cost  of  Construction  and  of  Operation  of  Sewage  Cleansing  Works, 

The  cost  of  construction  of  the  sewage  cleansing  works  was  about 
$55,000,  of  which  more  than  $20,000  was  for  the  building.  The 
approximate  costs  of  operation  for  different  periods  are  shown  in  the 
following  table,  in  which  the  expenses  are  distributed  as  well  as 
possible  between  the  treatment  of  the  sewage  and  the  pressing  of 
the  sludge.  The  figures  do  not  include  the  cost  of  superintendence, 
the  cost  of  the  chemical  laboratory,  or  the  cost  of  burning  the  sludge, 
which  was  done  at  an  Engle  crematory. 


April  14 

to 
Jane  9. 

Jnne  10 

to 
Jaly  7. 

Julys 

to 
Aug.  4. 

Aug.  6 

to 
Sept.  1. 

Sept  2 

to 
S«pt.  39. 

Sept.  80 

to 
Oct.  37. 

ToUl 
iprUH 

to 
Octff. 

Coit  of  chemicals,  . 

$840 

$442 

$477 

$662 

$604 

$«S 

$3,4« 

Labor  applying  cliemlcalB,    . 

215 

261 

217 

217 

217 

280 

1.S5T 

Total  cost  of  precipitation, 

$1,066 

$708 

$694 

$779 

$821 

$873 

'T4,»M 

Cost  of  fad  oil, 

659 

412 

428 

878 

414 

881 

3.013 

Labor  OD  engine  and  presses, 

1,690 

1,021 

1,018 

1.032 

962 

1,068 

fl,6n 

Total  cost  of  pressing, 

$2,M9 

$1,488 

$1,441 

$1,896 

$1,876 

$1,889 

t9,2S 

Total  cost  of  operation. 

8,304 

2,186 

2,186 

2,174 

2,197 

2,261 

M,S07 

Million  gallons  sewage  treated, 

47 

62 

63 

71 

60 

71 

873 

Tons  sludge  cake  pressed,    . 

86 

140 

192 

250 

297 

820 

l.ffl* 

MORTALITY  REPORTS. 
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SUMMAET  OF  THE  ^YmKLY  MOETALITY  REPORTS 

FROM  CITIES  AND  TOWNS. 


This  summary  comprises  the  returns  of  deaths  made  at  the  end  of 
each  week  by  the  town  clerks,  city  registrars  and  other  officials  hav- 
ing in  charge  the  vital  statistics  of  cities  and  towns. 

These  returns  are  compiled  each  week  and  published  as  a  bulletin, 
one  copy  of  which  is  sent  to  each  city  and  town  in  the  State. 

These  reports  are  necessarily  incomplete  since  they  are  voluntary, 
and  comprise  the  mortality  statistics  of  a  part  of  the  population  only, 
the  reporting  places  being  chiefly  the  cities  and  large  towns. 

The  estimated  population  of  the  cities  and  towns  contributing  to 
the  returns  of  1893  was  about  1,460,000,  or  about  60  per  cent,  of 
the  total  population  of  the  State. 

The  data  embraced  in  this  summary  are  the  following :  — 

Average  height  of  barometer  for  each  week. 

Mean  or  daily  maximum  temperature. 

Mean  or  dally  minimum  temperature. 

Rainfall  expressed  in  inches. 

Total  deaths  reported  for  each  week. 

Deaths  of  children  under  five  years. 

Deaths  from  infectious  diseases. 

Deaths  from  consumption. 

Deaths  from  acute  lung  diseases. 

Deaths  from  typhoid  fever. 

Deaths  from  diaiThoeal  diseases. 

Deaths  from  scarlet-fever. 

Deaths  from  measles. 

Deaths  from  diphtheria  and  croup. 

Deaths  from  puerperal  fever. 

Deaths  from  whooping-cough. 

Deaths  from  malarial  fever. 

Deaths  from  small-pox. 

Deaths  from  eiysipelas. 

[027] 
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Total  Deaths. 

The  whole  number  of  deaths  reported  for  the  year  1893  from  the 
cities  and  towns  contributing  to  these  reports  was  30,247,  and  the 
average  number  per  week  was  582.  The  greatest  number  of  deaths 
reported  in  a  single  week  was  788  in  the  week  ending  July  29,  and 
the  least  number  was  427  in  the  week  ending  June  24. 

The  weekly  average  number  of  deaths  reported  for  each  month 
was  as  follows  :  — 


January, 576 

February, 691 

March, 621 

April, 622 

May, 595 

June, 479 


July, 568 

August, 708 

September 574 

October, 5Zi 

November,         .        .        .        .  496 

December, 563 


The  months  in  which  the  greatest  mortality  was  reported  were 
March,  April  and  August,  and  those  in  which  there  was  the  least 
reported  mortality  were  June,  October  and  November.  The  per- 
centages of  mortality  in  each  of  the  four  quarters  of  the  year  were 
as  follows :  — 


All  Ages. 


Nomben. 


PercenUget. 


First  quarter, 
Second  quarter, 
Third  quarter, 
Fourth  quarter, 


7,1&8 
7,418 
8,041 
7,08» 


90,247 


23.05 
24.52 
28.57 
23.26 


100.00 


AoBS  UsdbbFitb  Tbaks. 


Kombers.  i  Perccntifci- 


2,276 
2,188 
4,126 
2,160 


10,750 


21.U 
iO.S4 
S8.S5 
20.1« 


100.00 


The  death  rate  of  reporting  cities  and  towns  was  20.74  per  1,000, 
the  estimated  population  being  1,458,840. 

Deaths  under  Five  Years. 

The  reported  number  of  deaths  of  children  under  five  years  of 
age  was  10,759,  and  the  average  weekly  number  was  207. 

The  greatest  number  reported  in  one  week  was  444  in  the  week 
ending  August  19,  and  the  least  number  was  123  in  the  week  ending 
June  24.  The  ratio  of  the  deaths  of  this  class  to  the  total  reported 
mortality  was  35.5  per  cent.,  which  was  slightly  greater  than  that 
of  the  preceding  year  (84.1  per  cent.). 
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The  average  weekly  number  of  deaths  of  children  under  five  years 
of  age  by  months  was  as  follows :  — 


January, 
February, 
March,   . 
April,     . 
Mav, 
June, 


170 

July,      .        .        .        . 

.    243 

196 

August, .  ^      . 

.    377 

203 

September,    .  ^ 

.    281 

• 

177 

October, 

.    183 

178 

November,     . 

.    168 

148 

December, 

.    161 

The  months  having  the  greatest  number  of  deaths  of  this  class 
were  July,  August  and  September,  and  those  having  the  least  num- 
ber were  June,  November  and  December. 


Consumption. 

The  number  of  reported  deaths  from  consumption  is^as  3,217  and 
the  weekly  average  was  62.  The  greatest  number  of  deaths  reported 
from  this  cause  in  a  single  week  was  97  in  the  week  ending  April 
15,  and  the  least  number  was  39  in  the  week  ending  June  24. 

The  average  weekly  number  of  reported  deaths  from  this  cause  in 
each  month  was  as  follows  :  — 


January, 70 

February, 69 

March, 71 

April, 76 

May, 63 

June, 63 


July,    . 

August, 

September, 

October, 

November, 

December, 


66 
61 
61 
62 

64 
66 


The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  March  and  April,  and  those  having  the  least  number  were  June 
and  October. 

The  following  table  presents  the  variations  from  the  weekly  aver- 
age number  of  deaths  from  this  cause  for  the  past  four  years :  — 


1S90. 

ia»i. 

ISM. 

ISM. 

1890. 

18»1. 

ISM. 

189S. 

Jaonary,  . 

-H2 

-H 

+18 

+8 

July,       . 

•8 

-4 

-8 

—7 

February, 

+8 

-4 

-« 

— S 

Angnst,  . 

-4 

-8 

-i 

—1 

March.      .       .       . 

+8 

—5 

—1 

+• 

September,    . 

—6 

—8 

—11 

—1 

April, 

+1 

-H 

+7 

+13 

October, . 

—11 

+3 

—6 

—10 

M»y.       ... 

+1 

+« 

0 

+1 

November,     . 

-12 

-4 

-4 

+2 

Jqim, 

—8 

-2 

—6 

-9    ' 

1 

December, 

0 

+B 

-1 

—6 
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The  ratio  of  reported  deaths  from  consumption  to  the  mortality 
reported  from  all  causes  was  106.85  per  1,000,  while  that  of  pre- 
vious years  was  as  follows  :  — 


1886, 
1887, 
1888, 
1889, 


• 

156.5 

1890, 

■ 

141.1 

1891, 

• 

134.2 

1892, 

■ 

125.0 

1898, 

130.0 
116.5 
111.3 
106.5 


The  ratio  to  the  reporting  population  in  1893  was  2.20  per  1,000, 
as  compared  with  2.35  in  1892. 

Acute  Lung  Diseases. 

The  number  of  reported  deaths  from  acute  lung  diseases  (bron- 
chitis, pneumonia,  pleurisy  and  asthma)  during  the  year  was  4,484, 
and  the  weekly  average  was  86.  The  greatest  number  of  deaths 
reported  from  this  group  of  causes  in  a  single  week  was  170,  in  the 
week  ending  April  22,  and  the  least  number  20,  in  the  week  end- 
ing September  9. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
for  each  month  was  as  follows :  — 


January, 116 

February, 127 

March, 124 

April, 154 

May 123 

June, 67 


July, 54 

August, 29 

September, SI 

October, 40 

November, 64 

December, 119 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  February  and  April,  and  those  having  the  least 
number  were  August  and  September. 

The  ratio  of  reported  deaths  from  acute  lung  diseases  to  the 
reported  mortality  from  all  causes  was  14.82  per  1,000. 

The  estimated  death  rate  per  1 ,000  of  the  reporting  population 

from  these  causes  was  3.07,  as  compared  with  2.82  for  the  previous 

year. 

Typhoid  Fever. 

The  total  number  of  reported  deaths  from  this  cause  in  1893  was 
427,  and  the  average  weekly  number  was  8.  The  greatest  number 
reported  in  any  single  week  from  this  cause  was  19  in  the  week 
ending  October  21,  and  the  least  number  was  2  in  the  week  ending 
April  1. 
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January, 

February, 

March, 

9 
8 
6 

April,     .        .        .        . 
May,      .        .        .        . 
June,     .        .        .        . 

6 
6 
6 

The  average  weekly  number  of  deaths  reported  from  this  cause 
for  each  month  was  as  follows :  — 


July, 4 

August, 9 

September, 13 

October, 17 

November, 11 

December, 10 


The  months  having  the  least  number  of  deaths  from  this  cause 
were  March,  June  and  July,  and  those  having  the  greatest  number 
were  September,  October  and  December. 

The  ratio  of  reported  deaths  from  typhoid  fever  to  the  reported 
mortality  from  all  causes  was  14.12  per  1,000,  and  the  ratio  to  the 
reporting  population  was  .29,  as  compared  with  .31  in  the  previous 
year. 

Diphtheria  and  Croup. 

The  total  number  of  reported  deaths  from  diphtheria  and  croup  in 
1893  was  1,013,  and  the  average  number  in  each  week  was  20. 
The  greatest  number  reported  in  a  single  week  from  these  combined 
causes  was  37,  in  the  week  ending  October  28,  and  the  least  number 
was  6,  in  the  week  ending  June  24. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
for  each  month  was  as  follows  :  — 


January, 28 

February, 22 

March, 21 

April, 16 

May 27 

June, 12 


July, 16 

August, 10 

September, 15 

October, 29 

November, 26 

December, 27 


The  months  having  the  greatest  number  of  reported  deaths  from 
these  causes  were  January,  October  and  December,  and  those 
having  the  least  number  were  June,  August  and  September.  The 
ratio  of  deaths  from  diphtheria  and  croup  to  the  reported  mortality 
from  all  causes  was  33.49  per  1,000,  and  the  death  rate  of  the  repoit- 
ing  population  was  .69  per  1,000,  that  of  the  previous  year  being  .66. 
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Scarlet-fever . 

The  reported  deaths  from  scarlet-fever  in  1893  were  527,  and  the 
average  weekly  number  was  10.  The  greatest  number  of  reported 
deaths  from  this  cause  in  a  single  week  was  21,  in  the  week  ending 
March  18,  and  the  least  number  reported  in  a  single  week  was  3,  in 
the  week  ending  September  9.  The  average  weekly  number  re- 
potted in  each  month  was  as  follows  :  — 


January, 16 

February, 12 

March, 15 

April, 12 

May, 11 

June, 8 


July, 
August, . 
September,    . 
October, 

.       7 
.       4 
.       5 

.       5 

November,     . 

.       9 

December, 

.       .      IS 

The  months  having  the  greatest  number  of  deaths  from  this  cause 
were  January  and  March,  and  those  having  the  least  number  were 
August  and  October. 

The  ratio  of  deaths  from  this  cause  to  the  reported  deaths  from  all 
causes  was  17.44  per  1,000,  and  the  death  rate  of  the  reporting 
population  from  this  cause  was  .36  per  1,000,  that  of  the  previous 
year  being  .32. 


Measles. 

The  total  number  of  reported  deaths  from  measles  in  1893  was 
100,  and  the  weekly  average  number  was  2. 

The  greatest  number  in  a  single  week  was  9.  There  were  nine 
weeks  in  which  no  deaths  from  measles  were  reported  • 

The  average  weekly  number  reported  in  each  month  was  as  fol- 
lows :  — 


January, 
February, 
March,   . 
April,     . 
May, 
June, 


1 
1 
2 
2 
7 
3 


July, 1 

August, 1 

September, 1 

October, 1 

November, 2 

December, 1 


The  ratio  of  deaths  to  the  reported  mortality  from  all  causes  was 
3.31  per  1,000,  and  the  death  rate  from  this  cause  was  .06  per  1,000 
of  the  reported  living  population,  as  compared  with  .03  in  1892. 
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DiARRHCEAL  DISEASES. 

The  diseases  included  in  this  group  are  diarrhoea,  dysentery, 
cholera  morbus  and  cholera  infantum. 

From  these  causes  combined  the  number  of  deaths  reported  in 
1893  was  2,497,  and  the  weekly  average  number  was  48.  The 
greatest  number  reported  in  a  single  week  was  245  in  the  week 
ending  August  5,  and  there  were  none  reported  in  the  week  ending 
June  3. 

The  average  weekly  number  of  reported  deaths  from  these  causes 
in  each  month  was  as  follows :  — 


January, 
February, 
March,  . 
April,  . 
May,  . 
June, 


6 
6 
5 
8 
6 
12 


July 112 

August, 217 

September, 124 

October, 41 

November, 13 

December, 7 


The  months  having  the  greatest  number  of  reported  deaths  frohi 
these  causes  in  1893  were  July,  August  and  September,  and  those 
having  the  least  were  January,  February  and  March. 

The  deaths  from  these  causes  in  the  third  quailer  of  the  year  con- 
stituted 82  per  cent,  of  the  number  of  deaths  from  the  same  causes 
for  the  entire  year.  The  ratio  of  reported  deaths  to  the  reported 
mortality  for  all  causes  was  82.5  per  1,000,  and  the  death  rate  of 
the  reporting  population  from  these  causes  was  1.71  per  1,000,  as 
compared  with  1.66  in  1892. 

Whooping-cough,  Malarial  Fever,  Erysipelas,  Puerperal 

Fever  and  Small-pox. 

The  essential  statistics  relating  to  these  five  diseases  are  embraced 
in  the  following  table  :  — 


ToUl  Death! 
Reported. 


Weekly 

Arerag*. 


Ratio  per 

1,000 
ofReported 
Deaths  ttom 
All  Gausea. 


Ratio  per 

1,000 

of  Eatlmated 

Popalatlon. 


WhoopfDg.eoiigli, 
Krytlpelaa, 
Puerperal  fertr. 
Malarial  fever,  . 
SmalLpox, . 


119 

94 

48 

12 

6 


2.0 

1.8 

.9 

.2 

.1 


8.93 

8.11 

1.58 

.40 

.16 


.06 

.06 

.08 

.008 

.008 
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EEPORTS  OF  INFECTIOUS  DISEASES. 


For  very  many  years  laws  have  existed  in  this  State  requiring  that 
notices  of  cases  of  diseases  dangerous  to  the  public  health  should  be 
given  to  the  board  of  health  of  the  city  or  town  in  which  they  have 
occurred  ;  but  the  vital  importance  of  such  a  system  of  notification 
does  not  appear  to  have  become  impressed  firmly  upon  the  public 
miod  until  a  comparatively  recent  period.  It  was  not  until  1889, 
in  fact,  that  a  law  was  enacted  in  England  requiring  such  notices, 
and  even  then  it  was  made  a  matter  of  local  option  except  in  London. 

The  chief  advantages  of  a  system  of  notification  lie  in  the  possi- 
bility which  is  thus  given  to  a  local  board  of  health  to  determine  the 
extent  of  prevalence  of  an  epidemic  or  a  localized  outbreak,  and  to 
inquire  into  the  local  causes  which  have  operated  to  produce  it.  The 
board  can  then  act  intelligently  in  applying  the  proper  remedies  for 
preventing  its  further  spread. 

In  Massachusetts  there  can  be  no  doubt  that  the  law  relative  to 
notification  has  been  productive  of  excellent  results  in  the  prevention 
of  disease,  especially  in  the  cities  and  large  towns.  It  has  furnished 
the  local  boards  of  health  with  the  necessary  information  relative  to 
the  origin  of  outbreaks  of  infectious  disease,  and  in  many  instances 
enabled  them  to  take  timely  steps  for  preventing  further  outbreaks. 
The  recent  law  requiring  local  boards  to  keep  records  upon  this  im- 
portant matter,  has  furnished  information  as  to  the  prevalence  of 
certain  diseases  in  the  principal  cities  and  towns  of  the  State.  In 
the  smaller  towns  it  is  probable  that  instances  of  failure  to  comply 
with  the  provisions  of  the  statute  are  much  more  frequent  than  they 
are  in  cities. 

Up  to  1883  no  definite  authority  was  given  by  statute  for  notifi- 
cation to  the  central  authority,  the  State  Board  of  Health.  In  that 
year  a  law  was  enacted  requiring  immediate  notice  to  be  given  by 
local  boards  to  the  State  Board  of  Health  of  the  occurrence  of  cases 
of  small-pox. 

[630] 


640  STATE  BOARD  OF  HEALTH.  [Pub.  Doc^ 

Ten  years  later  by  the  provisions  of  chapter  302  of  the  Acts  of 
1893,  it  was  required  that  reports  of  all  diseases  dangerous  to  the 
public  health  should  be  made  to  the  State  Board  of  Health. 

The  following  is  the  act  of  1893  relative  to  reporting  dangerous 
diseases  to  the  State  Board  of  Health :  — 

[CHAirrsB  ao2  ov  thz  Acts  ov  1893.] 

(1.)  When  the  board  of  health  of  any  city  or  town  has  had  notice  of 
the  occurrence  of  a  case  of  small-pox  or  any  other  disease  dangerous  to 
the  public  health  in  such  city  or  town,  such  board  of  health  shall,  within 
twenty-four  hours  after  the  receipt  of  such  notice,  notify  the  state  board  of 
health  of  the  same. 

(2.)  If  the  board  of  health  of  the  city  or  town,  in  which  a  case  of 
small-pox  or  any  other  disease  dangerous  to  the  public  health  has  occurred^ 
refuses  or  neglects  to  send  a  notice  as  required  in  section  one,  such  city  or 
town  shall  forfeit  Its  claim  upon  the  Commonwealth  for  the  payment  of 
any  expenses  which  may  be  incurred  as  provided  in  section  eighty-three 
of  chapter  eighty  of  the  Public  Statutes. 

Since  no  definite  statement  was  made  in  this  act  defining  the  term 
^'  dangerous  to  the  public  health"  the  Board  deemed  it  proper,  in 
order  to  relieve  local  authorities  of  uncertainty  in  the  matter,  to 
specify  the  diseases  which,  in  the  opinion  of  the  Board,  should  be 
thus  reported  under  the  provisions  of  the  act. 

For  this  purpose  a  circular  was  prepared  in  which  it  was  specified 
that,  in  addition  to  small-pox^  the  following  diseases  shall  be  con- 
sidered as  dangerous  to  the  public  health  within  the  meaning  of  the 
foregoing  act:  scarlet-fevei'j  measles^  typhoid  fever^  diphtheria^ 
membranous  croup  ^  cholera  ^  yelhto  fever  ^  typhus  fever  y  cerebrospinal 
meningitis  J  hydrophobia^  malignant  pustule^  leprosy  and  trichinosis. 

This  circular  was  issued  in  September,  1893.  Previous  to  that 
date  very  few  returns  had  been  received  in  compliance  with  the 
terms  of  the  act. 

The  act  was  approved  May  3,  1893,  and  the  first  returns  to  be 
received  came  from  the  city  of  Cambridge,  which  has  sent  con- 
tinuous returns  since  May,  1893.  A  few  more  cities  and  towns 
complied  with  the  provisions  of  the  act  during  the  months  of  June, 
July  and  August,  but  no  large  number  of  cities  and  towns  made 
returns  until  a  circular  was  prepared  notifying  them  of  the  enact- 
ment of  the  law.     This  circular  was  issued  to  each  city  and  town  in 
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September,  after  which  the  returns  came  with  regularity  from  many 
cities  and  towns. 

The  following  is  the  form  of  the  return  recommended  by  the 
Board  and  issued  by  it  in  the  form  of  postal  cards  to  each  local 
Board  of  Health :  — 


Repwi  of  Infection  Diaeasea  to  the  State  Board  of  Healthy  as 
required  by  the  provisions  of  Chapter  30 2 ^  Acts  of  1893, 


aso 


Cams  of  dlseaae,  dangerons  to  the  public  heftltb,  reported  within  the  pait 
twenty-fonr  honrs  to  the  Board  of  Health  of  the  ^^JJ*  of 


Bmall-pox,     . 
Bearlet-fever, 
Diphtheria,  . 
MembranooB  Oronp, 
Meaelee, 
Typhoid  Fever,    . 


Nnmber  of  Caaes  of 
each  disease. 


(Signed) 


Secretary  or  Agent  of  Board  of  JTeaUh. 


7%i§  powCal  card  report  should  in  all  caeee  be  tigned  by  the  Secretary  or 
OUrk  of  the  local  Board  of  Healthy  or  by  the  authorioed  Agent  of  the  Board, 

In  the  blank  epacea  ehould  be  written  the  names  of  any  of  the  unusual 
forms  of  infectious  diseases  enumertUed  beUnOt  if  such  should  occur :  ~ 

C^lera,  Typhus  Feoert  Yellow  Fever,  Oerdfro-spincU  Meningitis,  Hydro- 
phobia, Malignant  Pustule,  Glanders  and  Trichinosis, 


The  results  of  these  notices  are  published  each  week  in  the 
Weekly  Bulletin  of  Mortality  and  Infectious  Diseases. 

The  following  tables  embrace  the  results  of  these  returns  for  the 
fractional  part  of  the  year  1893  which  elapsed  after  the  enactment 
of  the  law :  — 
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Cases  of  Diseases  dangerous  to  the  Public  Health  reported  by  Local  Boards  of 
Health  to  the  State  Board  of  Health  for  the  Fractional  Year  ending  Dec 
31,  1893. 


Total  number  of  reported  cases  of  diphtheria  and  croup. 
Total  number  of  reported  cases  of  scarlet-fever, 
Total  number  of  reported  cases  of  typhoid  fever,      • 
Total  number  of  reported  cases  of  measles, 
Total  number  of  reported  cases  of  small-pox,    .        . 


Additional  cases  of  small-pox  reported  under  the  statute  of  18d3,    . 


Total, 


1,109 
S,9U 
1,525 
1,508 
85 

7,066 
8 

7.094 


*   The  following  table  shows  the  distribution  of  these  cases  by  months 
of  the  year. 

Reports  were  not  generally  forwarded  to  the  State  Board  until 
after  the  public  notice  was  given  in  September,  which  accounts  for 
the  small  number  before  that  date. 


Beports  of  Dangerot^  Diseases  Classified  by  Months. 


18M. 


DlphthArU 
and  Croap. 


Searlet- 
fever. 


Typhoid 
Fertf. 


MeadM. 


SmaO-iMK. 


May,   .       . 

Jane,  . 
Jaly,  . 
Aognst, 
September, 
October,     . 
NoTember, 
December, . 
Totals, 


4 

4 

10 

14 

191 

816 

805 

205 


1,100 


83 
41 
S3 

28 
453 
670 
870 
706 


2,914 


4 

2 

5 

23 

541 

403 

288 

174 


1,525 


43 


8 

5 

79 

201 

889 

557 


1,508 


t 

S 


The  following  table  presents  the  names  of  the  reporting  cities  and 
towns  with  the  number  of  cases  of  each  disease  reported  by  the  local 
boards  of  health :  — 
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Cases  of  Infeetious  Diseases  reported  to  the  State  Board  of  EeaUh  Jrom  One  Hun- 
dred and  Seventy-five  Cities  and  Towns  during  1893. 


Aeuhnet,   • 


Amctbory, . 
Amhant,     • 
Arliogton,   . 
Athbornluuii, 
Ashland, 
Aihol, . 
AUlaboroagh, 
Aaban»      . 
Ayer,  • 
Bedford,      . 
Bdmont,     . 
BftrllD,         • 
Bererlf, 
Bolton, 
BoflToir, 
Bourne, 
Bradford,    . 
Brewater,    • 
Brldgewater, 
Brlmfleld,    . 
BaocKToir,. 
Brookfleld, . 
BrookUne,  . 

Carlisle,  . 
Chelmsford, 
Cbilbba,  . 
Cheshire,  . 
ChesUrfleld, 
Chioopis,  . 
Concord,  . 
Coowaf,  . 
Cottage  City, 


i 


16 


S 

1 


020 
1 
6 


10 
11 

1 
8 


1 


1 

1 

4 


80 

2 
1 
6 
8 
816 


1 

T 

487 

6 

37 


8 


I 


t 


18 
1 


8 

6 
1 
8 


8 
448 

S 

1 

1 

10 

6 
70 

2 
12 


I 


101 


2 
70 


1 

16 

1 


M 
& 


27 


Dalton, 

DaoTora, 

Dedbam, 

Dtghton, 

DoQglaa, 

Dover, . 

Draont, 

Eaathamptoa 

Bdgartown, 

Bgremont,  • 

Brvlng, 


Btsbbtt,   . 
Fall  Bitib, 

FlTOBBITBO, 

Fozborongh, 
Franklin,     . 
(terdnor, 
OLonosaraB, 
Grafton, 
Greenfield,  . 
Groton, 
HaUfaz,       . 
Hampden,   • 
Hanson,       . 
Hardwiok,  . 
Hatfield,      . 
Hatbbhill, 
Hlngham,    . 
Hinsdale,     . 
HoU,    . 
Hanttngton, 
Ipawieb,      • 
Kingston,    . 
Lancaster,  . 


'g, 


I 


1 
1 
8 
2 


1 
1 

12 

1 


8 


8 

1 

6 


I 


I 


I 


1 

- 

- 

2 

2 

- 

28 

0 

- 

4 

2 

- 

2 

— 

: 

1 

- 

-. 

4 

- 

- 

1 

- 

- 

6 

2 

- 

84 

8 

8 

fi8 

87 

8 

7 

10 

8 

8 

- 

- 

2 

11 

- 

1 

17 

- 

0 

6 

- 

- 

1 

2 

- 

1 

- 

2 

1 

- 

1 

"• 

• 

6 

- 

• 

17 

- 

- 

1 

- 

- 

10 

81 

1 

2 

- 

- 

- 

0 

1 

- 

0 

- 

18 

2 

- 

- 

- 

- 
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Caseg  of  Inftetioua  Diaeates,  etc.  —  Continaed. 


Diphtheria 
and  Croap. 

1 
1 

J 

1 

1 

i 

1 

A 

1 
J 

Typhdd 

Ferer. 

1 

• 

M 

I 

1 

• 

E 

Lawbxnce, 

16 

52 

24 

4 

- 

Norwood,    . 

I 

28 

- 

- 

m 

Leioeator,    . 

2 

- 

2 

1 

- 

Oakham, 

- 

- 

8 

- 

Leomlnstori 

4 

4 

5 

1 

- 

Orange, 

- 

1 

7 

1 

Lexington,  . 

- 

- 

1 

- 

- 

Oxford, 

- 

- 

8 

1 

1       • 

Lineoln, 

- 

2 

- 

- 

- 

Palmer, 

- 

2 

1 

Littleton,     . 

- 

4 

- 

- 

- 

Paxton, 

- 

- 

- 

- 

LOWXLL,       . 

22 

66 

87 

6 

1 

Peabody,     . 

2 

8 

- 

Lndlow, 

- 

1 

- 

- 

- 

Pembroke, 

- 

- 

LanenVnrg, 

- 

mm 

- 

1 

- 

Pepperell,    . 

- 

2 

-  ,       1 

I 

Limn,  •       •       • 

25 

180 

58 

8 

- 

PlTTBFIlCLD 

2 

44 

17 

65 

MAiJ>Bir,     . 

5 

48 

91 

- 

Plymouth, 

27 

8 

8 

27 

Manafield,   .       . 

1 

15 

- 

- 

QUINCT, 

2 

22 

28 

S 

Marblehead, 

11 

56 

» 

- 

Randolph,   . 

- 

1 

- 

- 

Mablbobough,  . 

6 

2 

142 

- 

Raynham,    . 

- 

- 

2 

- 

Maynard,    . 

2 

6 

- 

- 

Reading, 

1 

8 

1 

-'      - 

Mbdfobd,  . 

6 

6 

1 

- 

Roeheater,  . 

- 

1 

1 

- 

Melroae,      .       . 

- 

23 

20 

- 

Rockland,   . 

1 

5 

- 

- 

- 

Medway,     .       . 

- 

1 

- 

- 

Rockport,    . 

1 

2 

- 

•     - 

- 

Methaen,     . 

1 

- 

- 

1 

Rowley, 

- 

- 

6 

1 
1 

IClddlefield, 

- 

1 

- 

- 

Salxv, 

7 

45 

87 

• 

Mlddleton,  .       . 

- 

- 

- 

- 

Ballsbnry, 

- 

2 

- 

"l 

Milford,      .       . 

- 

1 

1 

- 

Bandlafleld, 

- 

- 

2 

0               m 

Mlllbnry,    .       . 

6 

5 

06 

- 

Sangna, 

- 

1 

2 

.:  - 

IConson, 

- 

8 

5 

- 

Seltaate,      . 

1 

- 

- 

( 

llontagna,  . 

- 

7 

• 

- 

Seekonk,     . 

- 

2 

- 

- 

- 

Natiek, 

2 

17 

8 

- 

Bbaron, 

- 

2 

2 

1 

Nzw  Bbdvobd,  . 

7 

76 

16B 

118 

2 

Bbnteabary, 

- 

- 

1 

* 

* 

Nbwbitbtpobt,  . 

26 

1 

- 

- 

Bomertet,    . 

- 

- 

- 

24       - 

Nbwton,    . 

84 

48 

8 

- 

BOMSBTILLB, 

28 

108 

34 

«'      1 

North  Adama,    . 

8 

27 

2 

1 

Bpbinofixld,    . 

4 

82 

2T 

Ml     t 

NOBTHAMPTOK,  . 

6 

24 

22 

- 

Btoneham,  .       . 

5 

4 

- 

- 

North  Andoyer, . 

1 

- 

• 

8 

- 

Stow,   . 

- 

- 

.  i 

7 

* 

No.  Attleboro',  . 

4 

4 

- 

- 

Stnrbrldge, . 

- 

1 

- 

m 

- 

No.  Brookfleld,  . 

- 

6 

- 

- 

Swampeeott, 

2 

7 

- 

• 

Northfleld,  . 

- 

- 

- 

- 

Tauntok,   . 

2 

28 

4 

- 
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Oaiet  oj  Infeetiou$  Diseases,  ete.  —  Conoluded. 


r 

1 

• 

m 

i 

Tewksbnty, 

- 

1 

- 

- 

- 

Topalleld,    • 

- 

- 

- 

- 

ToWDMDd,  . 

- 

- 

- 

- 

Upton, .       • 

1 

- 

2 

- 

Uzbrldge,    . 

- 

- 

S 

- 

Wftkafldd,  . 

u 

6 

- 

Wales, 

- 

- 

- 

Waltham,. 

18 

- 

- 

Were,  . 

6 

- 

- 

WerahBm,  • 

2 

- 

- 

Werren, 

1 

- 

- 

Werwlek,    • 

- 

S 

- 

Wetertown, 

3 

27 

- 

Wsyland,    . 

1 

- 

- 

WenheiH, 

- 

- 

- 

Webeter,     . 

1 

- 

- 

Weet  BoyletOD*  . 

8 

- 

- 

- 

W.  Bridgeweter, 

- 

- 

- 

- 

Weelborongb,     . 

- 

- 

- 

- 

4 

r 

i 

jl 

< 

1 

Weetford,  . 

I 

T 

1 

- 

WesUuunptoii,    . 

2 

- 

- 

- 

Weetmlneter,     . 

- 

1 

2 

- 

Weet  Kewlmry, . 

6 

- 

- 

- 

W.  StockbrMge, 

- 

4 

- 

- 

Weeton, 

- 

2 

- 

• 

West  Springfield, 

- 

8 

1 

- 

Weymonth, 

2 

- 

- 

- 

Whitman,   • 

6 

1 

- 

- 

WlUUmetown,    . 

1 

- 

7 

- 

Wlnohendoa,     . 

6 

V 

2 

- 

Wlntlirop,  . 

- 

1 

- 

- 

Wlncheeler, 

t 

15 

e 

- 

Windsor,     . 

- 

- 

- 

1 

WOBUBV,     . 

18 

14 

e 

- 

WOBOBSTBB, 

85 

55 

05 

500 

Other  esses  of 
smsll-poz,* 

- 

. 

- 

- 

ToUls,  . 

1,100 

2,014 

1,525 

1,608 

i 


8 


Total  (Including  small-poz), 


7,004 


*  Tbsse  were  eases  of  saall-pox  reported  under  the  statnte  of  1888  by  dtlee  and  towns  which  Bade 
BO  reportt  of  other  dlsesses  nnder  the  hiw  of  1808. 


The  foregoing  table  shows  that  exactly  one-half  of  the  local 
boards  of  health  in  the  State  have  complied  with  the  law,  and  have 
sent  retnms  to  the  State  Board  of  Health  of  the  cases  of  disease 
*< dangerous  to  the  public  health"  reported  to  them,  leaving  one- 
half  of  the  towns  from  which  no  reports  whatever  have  been  re- 
ceived. 

These  175  cities  and  towns  reporting,  however,  constitute  much 
more  than  one-half  the  population,  since  in  this  list  are  embraced 
all  of  the  cities  except  Holyoke. 
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The  following  classified  list  contains  the  names  of  those  towns 
whose  boards  of  health  failed  to  comply  with  the  terms  of  the 
statute  of  1893,  no  reports  having  been  forwarded  by  them  to  the 
State  Board  of  Health  of  the  occurrence  of  cases  of  infectious  or 
dangerous  diseases.  The  list  of  towns  is  classified  according  to 
population. 

J.    CUies. 

Holyoke. 
11.     Tatons  having  FopukUiana  of  More  than  6,000  in  Each. 


Adanas, 

Framingham, 

Revere, 

Andover, 

Hyde  Park, 

Spencer, 

Blackstone, 

Middleborough, 

Southbridge.  — 10. 

Clinton, 

III.    Towns  having  a  Population  of  Over  1,000  btU  Less  than  5,000  in  Eudt, 

Abington, 

Hadley, 

Petersham, 

Acton, 

Uanover, 

Provincetown, 

Ashfield, 

Harvard, 

Rehoboth, 

Avon, 

Hai*wich, 

Royalston, 

Barnstable, 

Holbrook, 

Sandwich, 

Barre, 

Uolden, 

Sheffield, 

Belchertown, 

Holliston, 

Shelbume, 

Bellingham, 

Hopedale, 

Sherbom, 

Billerica, 

Hopkinton, 

Shirley, 

Braintree, 

Hubbardston, 

Shrewsbury, 

Buckland, 

Hudson, 

Southampton, 

Canton, 

Lanesborough, 

Soath  Hadley, 

Charlton, 

Lee, 

Southborough, 

Chatham, 

Lenox, 

Sterling, 

Chester, 

Longmeadow, 

Stockbridge, 

Cohasset, 

Manchester, 

Stoughton, 

Colrain, 

Marshfield, 

Sudbury, 

Dartmouth, 

Mattapoisett, 

Sutton, 

Deerfield, 

Medfield, 

Swansea, 

Dennis, 

Merrimac, 

Templeton, 

Dudley, 

Milton, 

Tisbury, 

Duxbury, 

Nantucket, 

Walpole, 

East  Bridgewater. 

Needham, 

Wellesley, 

Easton, 

Newbury, 

Well  fleet. 

Fairhaven, 

New  Marlborough, 

West  Brookfield, 

Falmouth, 

Northborough, 

Westport, 

Freetown, 

Northbridge, 

Wilbraham, 

Georgetown, 

Norton, 

Williamsburg, 

Granville, 

Norwell, 

Wilmington, 

Great  Barrington, 

Orleans, 

Wrentham.  —  91. 

Groveland, 

No.  84.]     REPORTS  OF  INFECTIOUS  DISEASES. 
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1 V,    Towns  having  Less  than  1,000  Inhabitants  in  Each. 

Alford, 

Goshen, 

North  Reading, 

Aflhby, 

Gosnold, 

Otis, 

Becket, 

Hamilton, 

Pelham, 

Berkley, 

Hancock, 

Peru, 

Berlin, 

Hawley, 

Phillipston, 

Bemardston, 

Heath, 

Plainfield, 

Blandford, 

Holland, 

Plympton, 

Boxborough, 

Lakeville, 

Prescott, 

Bozford, 

Leverett, 

Princeton, 

Boylston, 

Leyden, 

Richmond, 

Burlington, 

Lynniield, 

Rowe, 

Carver, 

Marion, 

Russell, 

Charlemont, 

Mashpee, 

Rutland, 

Chilmark, 

Mendon, 

Savoy, 

Clarksburg, 

Millis, 

Southwick, 

CnDQmingtOQ, 

Monterey, 

Sunderland, 

Dana, 

Montgomery. 

Tolland, 

Dunstable, 

Monroe, 

Truro, 

Eastham, 

Mount  Washington, 

Tyngsborough, 

Knfield, 

Nahant, 

Tyringham, 

Florida, 

New  Ashford, 

Washington, 

Gay  Head, 

New  Braintree, 

Wendell, 

Gill. 

New  Salem, 

Whateley, 

Granby, 

Norfolk, 

Worthington.  — 73. 

Greenwich, 

A  review  of  this  classified  list  leads  to  some  conclusions  as  to  the 
caaaes  of  the  failure  of  so  large  a  number  to  comply  with  the  pro- 
visions of  the  statutes. 

In  the  first  place,  the  ratio  of  the  population  of  the  cities  and 
towns  failing  to  report  in  each  of  the  foregoing  classes  as  compared 
with  the  total  population  of  the  towns  of  each  class  shows  that  the 
cities  and  large  towns  have  complied  with  the  provisions  of  the  act 
much  more  generally  than  the  small  towns. 

In  Class  I.,  the  cities,  Holyoke  is  the  only  city  failing  to  comply, 
and  its  population,  by  census  of  1890,  constitutes  but  2.5  per  cent, 
of  the  population  represented  in  Class  I. 

In  Class  II.  the  population  of  the  ten  towns  failing  to  report 
was  25.7  per  cent,  of  the  total  population  of  the  towns  of  that 
class. 

In  Class  m.  the  population  of  the  ninety-one  towns  failing  to 
report  was  48  per  cent,  of  the  total  population  of  the  towns  of  that 
class. 
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Id  Class  lY.  the  population  of  the  seventy-three  towns  failing  to 
report  was  75  per  cent,  of  the  total  population  of  the  towns  of  that 
class. 

This  great  difference  between  the  action  of  the  authorities  of  cities 
and  of  small  towns  in  this  matter  suggests  two  definite  reasons  for 
the  considerable  degree  of  non-compliance  with  the  terms  of  the 
statute. 

1.  The  non-existence  of  separate  local  boards  of  health  in  small 
towns  having  an  organization  for  sanitary  purposes  only.  An 
inquiry  of  the  State  Board  made  a  few  years  since  showed  that 
boards  of  health  independent  of  the  selectmen  existed  in  only  one-half 
of  the  towns  in  the  State.  This  being  the  case,  the  selectmen  act- 
ing as  boards  of  health  are  largely  interested  in  matters  of  an 
economic  or  administrative  character  not  closely  related  to  the  pub- 
lic health,  and  as  a  consequence  matters  pertaining  to  the  health  of 
towns  are  much  neglected,  and  among  them,  undoubtedly,  the  re- 
porting of  cases  of  infectious  diseases. 

Many  attempts  to  remedy  this  defect  by  legislative  action  have 
been  made  in  past  years,  but  with  little  success. 

2.  As  a  matter  of  fact  infectious  diseases  do  not  prevail  in 
sparsely  settled  populations  to  so  great  an  extent  as  among  the 
densely  settled  suburban  districts,  so  that  there  were  undoubtedly 
some  of  the  very  small  towns  in  which  none  of  the  specified  diseases 
occurred  during  the  year.  This  fact  is  brought  out  very  clearly  in 
the  twenty-third  report  of  the  Board  (1891),  wherein  is  shown  the 
relation  of  the  mortality  from  eight  different  diseases,  most  of  them 
of  the  infectious  class,  to  the  density  of  the  population. 

While  the  mortality  does  not  necessarily  represent  the  prevalence 
of  disease  it  bears  a  very  close  relation  to  it.  In  that  report  it 
was  shown  that  for  a  period  of  twenty  years  (1871-90)  there  were 
two  towns  in  the  State  in  which  there  had  been  no  deaths  from 
diphtheria  and  croup,  fifteen  towns  in  which  there  had  been  no 
deaths  from  scarlet-fever,  one  town  in  which  there  had  been  no 
deaths  from  typhoid  fever,  183  towns  in  which  there  had  been 
no  deaths  from  small-pox  and  ninety-five  towns  in  which  there  had 
been  no  deaths  from  measles. 
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FOOD  AND  DEUG  INSPECTION. 


The  following  report  comprises  the  work  of  the  Board  for  the  year 
ending  Sept.  30,  1893,  in  the  inspection  of  food  and  drugs. 

The  force  employed  in  this  department  of  work  was  the  same  as 
that  of  the  previous  year,  and  consisted  of  the  following :  — 

Dr.  Charles  P.  Worcesteb, Analyst. 

Prof.  Charles  A.  Goesskakn, AndtyH, 

Mr.  Albert  E.  Leach, AMiistarU  Analyst, 

John  H.  Terrt, Inspector. 

John  F.  McCaffrey, Inspeetar, 

Horace  F.  Davis, Inspector. 

The  work  of  the  Board  in  this  department  has  been  conducted 
daring  the  year  in  the  laboratory  at  994  Washington  Street,  Boston , 
temporarily  occupied  for  this  purpose  until  the  new  laboratory  in 
the  State  House  Extension  is  completed. 

The  whole  number  of  samples  of  food  and  drugs  examined  during 
the  year  was  6,409,  making  the  whole  number  examined  53,573  for 
the  entire  period  since  the  enactment  of  the  general  food  and  drug 
acts  in  1882.  This  number  (6,409)  was  greater  than  that  of  any 
previous  year. 

The  following  summary  embraces  the  work  done  during  the  year :  — 

Number  of  samples  of  milk  examined, 8,073 

Number  of  samples  above  standard, 1,545 

Number  of  samples  below  standard, 1,528 

Percentage  of  adulteration  or  deficiency, 49.7 

Number  of  samples  of  other  kinds  of  food  (not  milk),       ....  8,009 

Number  of  samples  above  standard, 2,687 

Number  of  samples  below  standard, 872 

Percentage  of  adulteration, 12.8 

Number  of  samples  of  drugs  examined, 827 

Number  of  samples  of  good  quality, 228 

Number  of  samples  adulterated,  as  defined  by  the  statutes,        ...  99 

Percentage  of  adulteration, 80.8 

Total  examinations  of  food  and  drugs, 6,409 

Total  examinations  of  good  quality, 4,410 

Total  examinations  not  conforming  to  the  statutes, 1,999 

Percentage  of  adulteration, 81.2 

[661] 
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It  would  be  manifestly  impossible  from  the  statistics  presented  in 
the  foregoing  table  to  form  a 'definite  conclusion  either  in  relation  to 
the  extent  of  adulteration  of  food  which  exists  in  Massachusetts  or 
of  its  relative  prevalence  when  the  same  statistics  are  compared  with 
those  of  other  countries  conducting  a  similar  line  of  work. 

The  reasons  for  the  very  marked  contrast  between  the  results 
reported  by  the  British  analysts  and  those  of  Massachusetts  are 
stated  in  the  last  Report  of  the  Board  (24th  report,  p.  608),  and 
one  of  these  reasons  appears  to  be  shown  more  clearly  in  the  present 
report  wherein  the  general  table  of  statistics  has  been  rearranged  in 
such  a  manner  as  to  present  the  ratio  of  adulteration  of  ^  *  other  sam- 
ples of  food/'  not  including  milk. 

To  what  extent  the  legal  standard  of  milk  in  Massachusetts  affects 
the  ratio  of  adulteration,  as  published  in  the  foregoing  table,  maybe 
shown  by  the  following  statement. 

Out  of  2,235  samples  of  milk  taken  by  the  inspectors  of  the  Board 
in  the  years  1886-1889,  the  total  solids  of  which  were  known,  and 
all  of  which  contained  less  than  13  per  cent,  of  solids,  1,504  or  67.3 
per  cent,  contained  from  12  to  13  per  cent,  of  solids.  Nearly  all  of 
these  and  many  more  would,  under  the  standards  of  most  countries 
which  have  adopted  a  standard,  have  been  deemed  to  be  milk  of  good 
standard  quality,  since  the  standard  in  most  countries  is  11.50  of  total 
solids.  But  in  Massachusetts  all  of  this  number,  except  those  which 
were  collected  in  the  months  of  May  and  June,  must  be  reckoned  as 
adulterated  milk.  The  effect  of  this  statutory  provision  upon  the 
published  ratio  of  adulteration  consequently  gives  to  our  published 
statistics  an  unfavorable  showing,  which  at  the  first  glance  might  be 
easily  misconstrued.  The  statistics  presented  in  Dr.  Worcester's 
report  for  the  present  year  still  further  confirm  this  statement. 

As  a  matter  of  fact,  however,  actual  or  intentional  adulteration  of 
this  most  important  article  of  food  is  much  less  common  than  it  was 
found  to  be  at  the  beginning  of  the  period  of  active  enforcement  of 
the  laws  relating  to  food  and  drug  inspection. 

The  continuous  work  of  the  Board  and  the  marked  improvement 
in  local  inspection  in  cities  have  effected  a  marked  change,  which 
nothing  but  vigilant  and  continuous  supeiTision  could  have  accom- 
plished. 
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WTiat  is  Adulterated  Milk  f 

The  high  percentages  of  samples  of  milk  which  are  shown  by  the 
<;ontinuoas  reports  of  the  Board  to  be  below  the  legal  standard  of  13 
per  cent,  of  solids  make  it  necessary  to  make  an  occasional  statement 
of  the  canse. 

The  term  '<  adulterated  milk,"  under  the  statutes  of  Massachusetts, 
may  signify  milk  which  is  simply  below  the  legal  standard  of  13  per 
cent,  of  solids  and  nothing  more,  or,  in  other  words,  a  natural  milk, 
just  as  produced  by  the  cow,  having  no  other  disqualification  except 
its  deficiency  in  total  solids.  The  ^< percentage  of  adulteration" 
reported  by  the  Board  in  its  monthly  bulletins  is  largely  made  up  of 
this  class  of  samples. 

The  second  form  of  <<  adulterated  milk"  consists  of  milk  which 
has  been  subjected  to  certain  alterations  by  human  interference. 
These  are  chiefly  the  addition  of  water,  the  removal  of  cream,  the 
addition  of  coloring  matter  and  of  substances  employed  to  preserve 
the  milk  from  souring. 

This  second  class  is  very  much  smaller  in  number  than  the  former 
class.  It  is  not  practicable  to  separate  the  two  classes  and  to  draw 
an  exact  line  between  them,  but  it  is  certain  that  the  ratio  of  the 
class  of  samples  intentionally  adulterated  is  very  much  less  than  it 
was  before  active  measures  were  taken  for  the  suppression  of  such 
conditions. 

In  1884  the  Board  made  a  large  number  of  examinations  of  natural 
milk,  the  samples  in  all  cases  being  collected  by  inspectors  who  wit- 
nessed the  milking.  iFrom  the  results  of  these  analyses  it  would  be 
safe  to  say  that  out  of  100  samples  taken  at  random  from  100  animals 
throughout  the  different  dairies  in  the  State  under  varying  conditions 
of  breed,  of  age,  time  of  year  and  methods  of  feeding,  about  thirty 
would  prove  to  be  below  the  legal  standard  of  13  per  cent,  of 
solids. 

Among  this  30  per  cent,  of  animals  the  ratio  of  Holstein  cows 
would  probably  be  greater  than  the  ratio  of  such  cows  among  the  70 
per  cent,  whose  milk  is  found  to  be  above  the  legal  standard. 

Very  careful  attention  has  been  given  to  this  subject  in  other 
countries,  where  the  subject  of  milk  inspection  is  deemed  of  very 
high  importance,  both  in  its  sanitary  and  in  its  economic  rela- 
tions. 
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In  a  recent  article  in  the  Zeitschrift  Jut  Fleisch  und  MUch  Ey- 
gieney  Dr.  Martiny  states  that  the  percentage  of  the  varioas  constit- 
uents of  milk  to  be  used  as  a  standard  must  be  determined  by  the 
average  percentage  found  in  a  given  district,  since  this  may  vary 
somewhat.  Milk  in  North  Germany  is  not  quite  so  rich  in  solids  as 
that  of  South  Germany,  and  in  the  former  it  shows  an  average  of 
3.3  per  cent,  of  fat  in  12  per  cent,  of  dried  solids,  with  a  specific 
gravity  of  1031.5,  while  in  the  latter  the  average  solids  are  12.4  per 
cent,  and  the  fat  3.5. 

The  same  writer  states  his  belief  that  the  percentage  of  fats  may 
be  increased  to  more  than  4  per  cent,  in  a  total  of  13  or  14  per  cent, 
of  solids  by  appropriate  feeding. 

The  methods  of  feeding  employed  in  many  of  the  dairies  which 
furnish  the  milk  supply  of  our  large  cities  are  those  which  are  in- 
tended to  secure  an  increased  quantity  of  milk  at  the  expense  of  its 
quality,  and  the  selection  of  breeds  of  cows  whose  milk  is  notoriously 
poor  in  quality  acts  in  the  same  direction  of  impoverishing  the  quality 
of  the  milk. 

In  commenting  upon  the  difficulty  of  subjecting  to  inspection  the 
entire  milk  supply  of  a  city  at  frequent  intervals,  Martiny  concludes 
that  — 

1.  The  sale  of  milk  should  only  be  allowed  by  officially  desig- 
nated dealers,  and  in  order  to  facilitate  frequent  inspection  he  sug- 
gests the  limitation  of  the  number  of  vendors  of  milk  as  is  done  in 
England  and  in  Italy. 

2.  Dealers  should  give  evidence  of  an  intelligent  knowledge  of 
the  requirements  necessary  for  the  sale  of  pure  milk  both  from  a 
sanitary  and  from  an  economic  point  of  view. 

3.  Milk  inspection  should  not  be  confined  to  market  milk  but 
should  extend  to  the  dairies. 

4.  In  every  city  a  well-equipped  laboratory  should  be  maintained 
for  the  scientific  examination  of  milk. 

It  is  gratifying  to  know  that  since  the  enactment  of  the  general 
statute  of  1882  (chap.  263),  and  the  work  which  has  followed  dur- 
ing the  ten  years  or  more  which  have  elapsed,  very  much  more 
attention  has  been  given  to  milk  inspection  by  local  authorities. 
Several  of  the  principal  cities  of  the  State  employ  the  services  of 
trained  inspectors  who  devote  either  the  whole  or  a  considerable 
portion  of  their  time  to  the  careful  analysis  of  milk  by  laboratory 
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methods,  anil  the  number  of  such  cities  which  find  it  to  be  for  their 
interest  to  employ  a  trained  inspector  is  gradually  increasing. 

The  report  of  the  analyst  also  shows  that  the  artificial  coloring  of 
milk,  once  quite  a  common  practice  in  the  large  cities,  is  now  very 
rarely  found,  the  vigorous  warfare  against  this  objectionable  form 
of  adulteration  having  practically  suppressed  it. 

Among  the  examinations  of  milk  reported  by  the  analyst  special 
attention  is  called  to  the  report  upon  condensed  milk,  an  article 
which  is  now  largely  used  and  has  a  wide  field  of  usefulness  as  a 
convenient  form  of  food  for  special  purposes. 


Food,  other  than  Milk. 

In  the  examination  of  other  kinds  of  food  during  the  year  special 
attention  has  been  given  to  the  examination  of  the  most  important 
and  widely  used  of  all  foods  —  bread ;  and  also  of  cheese,  another 
valuable  article  of  nutriment. 

The  points  of  interest  noted  in  regard  to  bread  are  the  weight  of 
loaves,  the  percentage  of  water  and  of  solids,  the  per  cent,  of  ash 
in  terms  of  solids,  the  acidity  and  the  price  charged  for  each  loaf. 

The  average  weight  of  loaves  was  found  to  be  404  grammes,  or 
13^  ounces. 

The  per  cent,  of  moisture  was  quite  uniform,  in  most  instances 
being  about  42  or  43  per  cent,  of  the  weight  of  the  loaf,  leaving  57 
or  58  per  cent,  of  solids. 

The  price  was  quite  uniformly  five  cents  per  loaf,  rarely  four 
cents,  for  loaves  of  ordinary  size  and  weight. 

No  adulterations  are  mentioned  by  the  analyst,  and  at  the  low 
price  of  flour  in  the  United  States  the  adulteration  of  flour  or  of 
bread  is  of  extremely  rare  occurrence. 

The  examination  of  samples  of  cheese  showed  a  fairly  uniform 
quality  and  price,  the  latter  being  at  sixteen  cents  per  pound. 

Omitting  four  samples  of  special  sorts,  the  average  total  solids 
were  found  to  be  66.3  per  cent.,  the  fat  35  per  cent.,  the  solids,  not 
fat,  31.3  per  cent.,  and  the  water  33.6  per  cent. 
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The  following  tables  present  the  usaal  statistics  relative  to  the 
notices  sent  by  the  Board  to  parties  (usually  retailers)  from  whom 
samples  of  adulterated  food  or  drugs  have  been  obtained  during  the 
year :  — 

Cilies  and  Towns  to  which  Notices  were  sent  on  Account  of  AduUeraled  Articles  of 

Food  other  than  Milk, 


Adams, 4 

Boston, 43 

Cambridge, 17 

Everett, ,  1 

Fall  River. 17 

Gilbertville, 2 

Gloucester, 6 

Holyoke, 4 

Hopedale, 1 

Lowell, 1 

Medford, 1 


New  Bedford, 

1 

North  Adams, 

5 

North  Brookfield, 

1 

Orange, . 

1 

Pittsfield, 

5 

Taunton, 

1 

Ware,     . 

1 

Webster, 

1 

Total,     . 

>        1 

1        < 

1 

.    118 

Cities  and  Towns  to  which  Notices  were  sent  on  Account  of  Adulterated  Milk. 


Boston, t  10 

Brockton, 1 

Brookline, 1 

Cambridge, 87 

Canton, 1 

Chelsea, 10 

Dedham, 7 

Everett, 10 

Fall  River, 6 

Fitchburg, 4 

Gloucester, 15 

Grafton, 1 

Hyde  Park, 6 

Lawrence, 3 

Littleton, 2 

Lynn, 22 

Maiden, 21 

Marblehead, 2 

Medfield, 3 

Medford, 5 

Milford, 2 

Nantasket  Beach,  ....  2 

New  Bedford,        ....  2 


Newton, € 

Norwood, 2 

Orange, I 

Pittsfield 1 

Plymouth, 2 

Provincetown,        ....  3 

Quincy, 8 

Revere, 7 

Salem, 12 

Salisbury  Beach,   ....  1 

Somerville, 31 

South  Framingham,      ...  1 
Springfield,   .        .        .        .        .3 

Stoneham, 1 

Taunton, 1 

Walpole,        .        .        .        .    •    .  1 

Waltham, 2 

Watertown 8 

Woburn, 15 

Worcester, 6 

Total 274 
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Omes  and  Towns  to  which  Notices  were  sent  on  AccoufU  of  Adulterated  Drugs, 


Adams, 1 

Amherst, 2 

Boston, 17 

Brookline, 1 

Gloucester, 8 

Millis 1 

New  Bedford,        ....  2 


North  Adams, 
Palmer, . 
Provineetown, 
Springfield,    . 
Taunton, 


Total, 


1 
1 
1 
1 
5 

36 


Pkosecutions. 

In  the  last  report  a  condensed  summary  of  the  prosecutions  con- 
ducted by  the  Board  for  the  entire  period  since  the  enactment  of  the 
food  and  dnig  statutes  was  presented.  The  same  table  is  herewith 
published,  together  with  the  results  of  the  prosecutions  of  the  year 
endmg  Sept.  30,  1893  :  — 

Number  of  Complaints  Entered  in  Court, 


rood 

Tkax. 

not  tneloding 
Milk. 

Drogi. 

Milk. 

Total. 

COOTlctlOllS. 

Fines  ImpoMd. 

1883,  . 

5 

4 

9 

8 

1884,  . 

2 

1 

45 

48 

44 

—J 

1885,» 

50 

1 

68 

119 

103 

— t 

1886,t 

10 

— 

10 

20 

19 

-.+ 

1887,  . 

80 

— 

34 

64 

60 

— t 

1888,  . 

22 

— 

43 

65 

61 

t2,042  00 

1889,  . 

74 

- 

66 

140 

124 

3,889  00 

1890.  . 

78 

— 

24 

102 

96 

3,919  00 

1891,  . 

96 

5 

49 

150 

135 

2,668  00 

1892,  . 

62 

12 

72 

136 

123 

3,661  70 

1898,  . 

26 

3 

67 

96 

92 

2,476  00 

Totals, 

■ 

440 

27 

482 

949 

865 

18,655  70 

•  To  May  1, 1880. 


t  Foor  months  only. 


X  No  record  kept. 


Ratio  of  convictions  to  complaints,  91.1  per  cent. 

Note.  —  All  complaints  entered  before  May  1, 1886,  were  under  the  direction 
of  the  Board  of  Health,  Lunacy  and  Charity,  and  all  after  that  date  were  under 
the  direction  of  the  State  Board  of  Health. 
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Under  the  provisions  of  chapter  289  of  the  Acts  of  1884,  which 
require  the  Board  to  report  annually  to  the  Legislature  the  **  num- 
ber of  prosecutions  made  under"  the  food  and  drug  acts,  <^  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  pro- 
visions thereof/'  the  following  report  was  transmitted  to  the  General 
Court  in  January,  1894 :  — 

Offiob  of  m  Statb  Boabd  op  Hbalth, 

13  Bbacov  Strbet,  Boston,  Janoarj,  1894. 

To  the  Honorable  Senate  and  House  of  Bepresentatives  of  the  CommonweaUh  of 

Massachusetts^  in  General  Court  assembled. 

The  following  summary  is  made  in  compliance  with  the  provisions 
of  chapter  289,  section  2,  of  the  Acts  of  1884,  requiring  the  State 
Board  of  Health  to  ''  report  annually  to  the  Legislature  the  number 
of  prosecutions  made  under  chapter  263  of  the  Acts  of  1882,  and  an 
itemized  account  of  all  money  expended  in  carrying  out  the  provi- 
sions thereof." 

The  whole  number  of  prosecutions  made  by  authority  of  the  Board 
against  offenders,  under  the  provisions  of  the  food  and  drug  acts, 
for  the  year  ending  Sept.  80,  1893,  was  96, 

The  cities  and  towns  in  which  the  articles  were  sold,  and  in 
respect  to  which  complaints  were  entered  in  court,  the  character  of 
the  articles  found  to  be  adulterated,  or  fraudulently  sold,  the  dates 
of  the  trials  and  their  result,  are  presented  in  the  following  table :  — 


Milk  and  Milk  Pkoducts. 
Complainis  Entered  for  Fraudulent  Sales  of  Milk. 


Plaob. 

Datb. 

In  Boston,    . 

.    Aug.      1, 

Cambridge, 

.     June      9, 

Cambridge, 

.     June     17, 

Chelsea,  . 

.     March  24, 

Fall  River, 

.     April   27, 

Fall  River, 

.     May       4, 

Fall  River, 

.     May       4, 

Fall  River, 

.     May       4, 

Fall  River, 

.     May       4, 

Fall  River, 

.     June    20, 

Salem,     . 

.     April   29, 

Salem,     • 

.     AprU    29, 

Salem,     . 

.     April    29, 

1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 
1893, 


RXSULT. 

Convicted. 


(C 
(4 

(( 
ii 
i( 
(i 

44 
44 

44 
44 
44 
44 
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For  Fraudulent  Sales  of  Jf/U;— Continued. 

Placb.                                                      Datb.                                             Rbsult. 

In  Salem,     ....    April   29,  1893,        .        .    Convicted. 

Salem,     . 

,    June    26,  1893,        .        .            «' 

Salem,     . 

.    Aug.    28,  1898,         .         .            " 

Salem,     . 

.    Aug.    28,  1893,         .-        .            " 

Salem,     . 

.    Aug.    28,  1893,         .         .            ** 

Taunton, 

.     July     29,  1898,                  .             " 

Taunton, 

.     July     29,  1893,         .         .             ** 

GlonceBter, 

.    Jan.       8,  1893,         .         .            '' 

Gloucester, 

Aug.      2,  1893,         .         .            " 

Gloucester, 

Aug.    31,  1893,         .        .            ** 

Quincy,   • 

.     Aug.    24,  1893,         .         .             ** 

Quincy,   . 

.     Aug.    24,  1893,         .         .             '« 

Cbicopee, 

.    June      9,  1893,         .         .            " 

Woburn, 

.     Nov.    16,  1892,         .         .            *« 

Spencer,  . 

.    Oct.      18,  1892,         .         .            »* 

Hard  wick. 

.    Oct.       5,  1892,         .                     " 

Lee, 

.     Oct.     25,  1892,         .         .             *' 

Carlisle,  . 

.     Nov.    25,  1892,         .         .            '* 

North  Adams, 

.     Nov.    10,  1892,         .         .            " 

Greenfield, 

.     Nov.    11,  1892,         .         .            " 

Oakham, . 

.     Jan.     28,  1893,         .         .             ** 

Canton,  . 

.     Jan.     11,  1893,         .         .            " 

Dedham, . 

.     Feb.     23,  1893,         .         .            *' 

Sutton,    . 

.     March  24,  1893,         .         .             '' 

Berlin,     . 

.     May     20,  1893,         .         .            " 

Topsfield, 

.     May     20,  1893,         .         .             " 

Walpole, 

.    June     13,  1893,         .         .            '* 

Walpole, 

June    13,  1893,         .         .            " 

Walpole, 

Sept.      7,  1893,        .         .            " 

Dover,     . 

.     June      3,  1893,         .         .             '' 

Upton,     . 

,     July     31,  1893,         .         .             *' 

Upton,     . 

* 

.     July     31,  1893,         .         .             " 

Westport, 

% 

July     26,  1893,         .         .             '' 

Westport, 

.    July     26,  1893,     Plea  of  nolo  contendere 

Millis, 

.    Aug.    25,  1893,         .         .    Convicted. 

Medfield, 

.     Aug.    25,  1893,         .         .             " 

Medfield, 

.     Aug.    25,  1893,         .         .             *< 

Medfield, 

.     Aug.    25,  1893,         .         .             '* 

Norwood, 

.     Sept.     2,  1893,         .         .             " 

Norwood, 

.     Sept.     7,  1893,         .         .            ** 

Norwood, 

t 

.     Sept.    30,  1893,         .         .            »' 

662 


STATE  BOARD  OF  HEALTH.         [Pub.  Doc. 


Fofr  Fraudulent  Sales  of  Milk  —  Concluded. 


Place. 

Datb. 

Result. 

Id  Mendoo, 

.     Sept.      2,  1893, 

.     Convicted. 

MendoD, 

.     Sept.      2,  1893, 

Upton,     . 

.     Sept.      2,  1893, 

Upton,     . 

.     Sept.      2,  1893, 

Wrentham, 

.     Sept.    25,  1893, 

Provincetown, . 

.     Sept.      1,  1893, 
Total,  61  cases. 

In  Boston, 
Boston, 
Lowell, 
Lowell, 
Lowell, 
Lowell, 


For  FraudtUent  Sales  of  Butter 

.  Dec.     28,  1892, 

.  March  22,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 

.  Jan.     21,  1893, 
Total,  6  cases. 


Convicted. 


In  Boston,    . 
Fall  River, 
Fall  River, 


Other  Articles  of  Food, 

Maple  Syrup. 

.  March  21,  1893, 
.  April  27,  1893, 
.     May       4,  1893, 


.    Acquitted. 
.     Convicted. 


i( 


In  Boston,    . 
Boston,    . 


Maple  Sugar. 

April    19,  1893, 
April    19,  1893, 


.     Convicted. 


In  Boston,    . 


Honey. 
Oct.     11,  1892, 


Convicted. 


In  Boston,    . 
Boston,    . 
Boston,    . 
North  Adams, 
North  Adams, 
Hardwick  (Gilbertville) , . 


Coffee. 

Nov.  29,  1892, 
Dec.  15,  1892, 
March  21,  1893, 
Oct.  20,  1892, 
Dec,  17,  1892, 
Oct.     81,  1892, 


Convicted. 
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Molasses. 

FX.ACS.  DATS.  BSKTLT. 

Iq  Taanton,  .        .        .     Sept.    23,  1893,        .        .  Convicted. 

Fall  River,       .         .         .    June    20,  1893,         .         .  " 

Fall  River,       .        .         .    June    20,  1893,         .         .  " 

Cassia, 

In  Fall  River,       .        .        .    April   20,  1893,        .        .  Convicted. 

Ohves. 

Id  Hard  wick  (GilbertvUie) , .    Oct     31,1892,        .        .  Convicted. 
North  Adams,          .        .    Dec.     17,  1892,        .        .  ^* 

In  Hardwick  (Giibertville), .    Oct.     31, 1892,        .        .  Convicted. 

Fall  River,       .        .         .     April   20,  1893,        •         .  Acquitted. 

Taunton,  •        .        .     Sept.    23,  1893,        .        •  Convicted. 

Mustard, 

In  North  Adams,  .        •    Dec.     17,  1892,        .        .  Convicted. 

Boston,   ....     March  21,  1893,         .         .  «' 

Gloucester,      .         .         .    Aug.      2,  1893,         •         .  ^' 

Cream  of  Tartar. 

Id  Hardwick  (Giibertville) , .    Oct.     31,1892,        .        .  Convicted. 
Boston,    ....    Nov.    29,  1892,        •        .  ** 

Total,  26  cases. 

Drugs. 

lu  Pittsfield,         .         .         .     Nov.    17,  1892,         .         .  Acquitted. 

North  Adams, .        .        .    Nov.    10,  1892,         .        .  Convicted. 
Boston,    ....    April     7,  1893,         .         .  " 

Total,  3  cases. 

Summary. 

Complaints  entered  in  court  under  the  acts  relating  to  inspec- 
tion of  milk  and  milk  products,  ......       67  cases. 

Other  articles  of  food, 26    *' 

Drugs, 3     " 

Total, 96  cases. 
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Summary. 

The  whole  number  of  complaints  entered  by  the  State  Board  of 
Health  in  the  courts  of  the  Commonwealth  against  parties  for  viola- 
tion of  the  acts  relating  to  food  and  drug  inspection  was  96.  In 
92,  or  95.8  per  cent,  of  these,  the  parties  were  convicted.  Foar 
were  discharged,  either  in  the  lower  or  in  the  upper  courts. 

Of  the  foregoing  cases,  61  were  for  violation  of  the  laws  relating 
to  milk  adulteration,  of  which  number  60  resulted  in  conviction. 

Nearly  all  of  the  cases  entered  for  violation  of  the  statutes  relat- 
ing to  the  sale  of  milk  were  entered  under  the  statute  which  pro- 
vides that  milk  offered  for  sale  shall  'be  of  good  standard  quality, 
the  standard  being  defined  by  law. 

Six  complaints  were  entered  under  the  oleomargarine  laws,  each 
of  which  resulted  in  conviction. 

There  were  also  twenty-six  complaints  for  fraudulent  sales  of 
other  ai-ticles  of  food,  in  all  of  which  except  two  the  parties  were 
convicted.  In  one  of  these,  a  complaint  for  fraudulent  sale  of  maple 
syrup,  it  was  claimed  that  the  crate  or  wholesale  package  was 
marked  with  the  word  <*  compound,"  although  the  retail  package 
had  no  such  mark  to  indicate  the  character  of  its  contents.  This 
is  only  one  of  many  instances  which  illustrate  the  difiiculties  which 
are  liable  to  arise  under  the  provision  by  which  certain  articles  may 
be  sold  of  an  inferior  quality,  *^  provided  that  the  same  are  not 
injurious  to  health,  and  are  distinctly  labelled  as  mixtures  or  com- 
pounds." 

The  articles  of  food  embraced  in  the  foregoing  list  were  the  fol- 
lowing :  — 

Maple  syrup,  3  cases ;  maple  sugar,  2 ;  honey,  1 ;  coffee,  6 ; 
molasses,  3 ;  cassia,  1 ;  cloves,  2 ;  pepper,  8 ;  mustard,  3 ;  cream 
of  tartar,  2. 

Of  the  samples  of  drugs  which  were  the  cause  of  complaints  at 
court,  one  case  was  for  refusal  to  furnish  samples  to  an  inspector; 
another  was  for  a  sale  of  a  poisonous  cosmetic ;  and  the  other  was 
for  a  sale  of  McMunn's  Elixir,  which  was  not  properly  marked  with 
a  poison  label,  in  compliance  with  the  Statute  of  1888  (chapter 
209). 

The  standard  of  whole  milk  in  Massachusetts  is  13  per  cent,  of 
solid  residue,  except  in  the  months  of  May  and  June,  when  it  is  12 
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per  ceDt.     The  following  list  presents  the  total  solids  in  the  sam- 
ples of  milk  upon  which  complaints  in  court  were  founded :  — 


4.72 

9.80 

10.33 

10.70 

11.15 

8.25 

9.82 

10.40 

10.73 

11.16 

8.48 

9.82 

10.40 

10.75 

11.20 

8.85 

9.95 

10.45 

10.79 

11.30 

9.15 

10.02 

10.50 

10.80 

11.35 

9.29 

10.21 

10.50 

10.94 

11.48 

9.31 

10.21 

10.55 

11.00 

11.48 

9.35 

10.25 

10.56 

11.04 

11.52 

9.44 

10.26 

10.60 

11.12 

11.74 

9.56 

10.26 

10.63 

11.12 

13.33 

The  total  number  of  samples  of  food  and  drags  examined  during 
the  year  was  as  follows :  — 

MUk, 3,224 

Other  articles  of  food, 3,009 

Drugs, 327 

Total, 6,560 

Total  expenses  of  collection,  examination  and  prosecution,  .  $10,454  11 

Average  expense  per  sample  collected,          •        •        •        .  1  59 


Fines. 

The  amount  of  the  fines  paid  into  the  treasuries  of  counties,  cities 
and  towns  under  the  provisions  of  the  general  and  special  laws  rela- 
tive to  the  inspection  of  food  and  drugs  was  as  follows :  — 

Fines  paid  for  Violation  of  the  Food  and  Drug  Acts^  upon  Cases  entered  for 

(he  Year  ending  Sept,  30,  1893. 

Under  the  provisions  of  the  laws  relating  to  milk  and  milk 

products, $1,991  00 

Under  the  provisions  of  laws  relative  to  other  articles  of  food,  459  00 

Under  the  provisions  of  laws  relative  to  drags,      ...  26  00 


Total, $2,476  00 
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EXPSNDITUBKS 

Ufider  the  Provisiom  of  (he  Food  and  Drug  Ada  during  the  Tear  ending  Sept, 

30, 1893. 


Fob  TBB  EVTOBCKMBIIT  of  THS  BTATTTSt 
BBLATIXO  TO  FoOD  AHD  UWBQ 
IX8PBCTIOK. 


BeUtiTetoUflk 
and  Milk  Prodncts. 


Betattlre  to  Other 

Klndi  of  Food  and 

Drngt. 


Salaries  of  analysts, 

Salaries  of  inspectors, 

Trayelling  expenses  and  purchase  of  samples. 
Apparatus  ana  chemicals,     .... 
Rent  at  Harvard  Medical  School, 
Chemical  analysis  (by  other  chemists), 
Furniture  and  fittings  at  laboratory,    . 

Le^al  services, 

Pnnting, 

Gas 

Extra  services, 


Total, 


•2,700  00 

2,400  00 

997  05 

146  00 

76  00 

20  00 

46  00 

4  86 

20  00 


$6,406  90 


•1,700  00 

1,600  00 

664  70 

90  63 

60  00 

2  00 

6  62 


13  86 

20  00 


•4,047  21 
6,406  90 


•10,464  11 


SAM'L  W.   ABBOTT, 

Secretary, 
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REPORT  OF  DR.  C.  P.  WORCESTER,  ANALYST. 


Dr.  S.  W.  Abbott,  Secretary  of  the  State  Board  of  Health. 

Dear  Sir:  —  I  have  the  honor  to  present  my  report  on  the 
analysis  of  food  and  drugs  for  the  year  ending  Sept.  30,  1893. 

The  work  during  this  year  has  been  done  in  the  room  rented  by 
the  Board  for  the  purpose,  at  994  Washington  Street.  The  labora- 
tory has  proved  sufficient  for  the  ordinary  routine  work,  but  for  any 
investigation  involving  special  apparatus  its  resources  are  too  limited. 
The  routine  analysis  this  year  has  been  similar  to  that  of  previous 
years. 

Milk. 


Total 
mikt  Col- 
lected. 


Abore 
Standard. 


Below 
Standard. 


Percent 

Below 

Standard. 


Lowest 
Sample. 


Nnmber  of 

Skimmed 

Milks. 


ClUes 

Towne 

Suspected  prodncem,      .       .       .       . 

HleeellaneonB 

Total  mllka 


1,981 

1.001 

080 

48.1 

7.42 

688 

876 

264 

41.8 

0.10 

488 

IM 

828 

67.0 

4.72 

21 

10 

11 

52.4 

- 

8,073 

1,546 

1,528 

40.7 

4.72 

18 
2 


15 


The  percentage  of  samples  below  standard  is  49.7)  practically  the 
same  as  that  of  last  year,  which  was  48.2  per  cent. 

The  relative  advantages  of  the  various  processes  for  the  analysis 
of  milk  have  been  discussed  at  great  length  in  the  many  text-books 
and  in  meetings  of  analysts  the  world  over.  For  the  purpose  of 
determining  the  total  solids  there  is  no  readier  method  that  is  rea- 
sonably accurate  than  the  evaporation  of  a  weighed  quantity  of  milk 
over  steam  in  flat-bottomed  platinum  capsules.  The  determination 
of  the  fat  by  benzine  extraction  of  this  dry  residue  has  proved  an 


[680] 


670.  STATE  BOARD  OP  HEALTH.        [Pub.  Doc. 

easy  method,  but  it  is  accurate  within  rather  wide  limits,  and  there 
is  an  element  of  danger  in  the  evaporation  of  large  quantities  of  ben- 
zine in  the  laboratory. 

These  objections  are  met  by  the  so-called  Babcock  process  for  the 
estimation  of  fat  which  we  have  adopted  during  this  year.  This 
process  is  too  universally  known  and  accepted  to  require  any  descrip- 
tion. It  depends  upon  the  decomposition  by  sulphuric  acid  of  the 
proteids  of  a  measured  quantity  of  milk  and  the  subsequent  separa- 
tion of  the  clear  fat  in  a  form  to  be  easily  measured.  The  complete 
separation  of  the  fat  is  accomplished  by  means  of  a  centrifugal 
rotator. 

The  actual  work  involved  in  this  process  is  but  little  more  than  in 
the  benzine  extraction,  and  the  results  are  much  more  accurate. 
The  accuracy  of  the  process  is  universally  admitted.  In  compara- 
tive analyses  our  experience  has  been  that  the  fat  by  the  Babcock 
method  has  always  exceeded  that  found  by  the  benzine  extraction, 
while  it  closely  agrees  with  the  accurate  but  tedious  ^*  Adams  proc- 
ess," in  which  a  weighed  quantity  of  milk  is  dried  on  a  coil  of  c.  p. 
filter-paper,  and  is  subsequently  treated  with  ether  or  benzine  in  a 
Soxhlet  extraction  apparatus. 

The  Babcock  process  is  particularly  useful  in  estimating  the  fat 
of  skimmed  or  of  sour  milk,  for  the  old  benzine  extraction  of  the 
dried  solid  residue  in  these  instances  has  always  been  most  unsatis- 
factory, since  the  residue  is  so  hard  and  solid  in  the  case  of  skimmed 
or  sour  milk  that  the  fat  solvent  has  difficulty  in  penetrating. 

As  in  previous  years  the  determination  of  fat  has  been  confined  to 
the  poorer  samples. 

There  have  been  found  this  year  but  few  specimens  of  milk  sophis- 
ticated with  artificial  coloring  or  preservatives.  The  color  used  in 
these  cases  was  annatto ;  the  preservative,  boracic  acid. 

The  following  tables  show  in  detail  the  result  of  the  analysis  of 
milk  from  the  cities  and  towns  of  the  State  in  which  collections  were 
made  (excepting  the  four  western  counties),  and  also  from  suspected 
producers. 
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Milk  from  Cities. 


CiTiia. 


Total 

moLB  coi- 

lectML 

Abore 
Standard. 

B«low 
Standard. 

Percent 

Below 
Standard^ 

Total 
SoUdsln 
Lowett 
Sample. 

176 

Ill 

64 

86.6 

11.24 

12 

7 

6 

41.7 

11.61 

828 

176 

148 

46.8 

8.68 

181 

61 

70 

63.4 

8.62 

101 

67 

84 

83.6 

9.86 

24 

7 

17 

70.8 

9.40 

90 

27 

68 

70.0 

8.6T 

24 

16 

9 

87.6 

9.99 

12 

9 

8 

26.0 

12.08 

141 

46 

96 

67.8 

7.42 

148 

66 

82 

66.4 

8.98 

8 

7 

1 

12.6 

12.68 

78 

49 

29 

87.2 

9.94 

26 

18 

8 

80.8 

11.17 

24 

9 

16 

62.6 

10.60 

98 

68 

41 

41.4 

9.16 

294 

184 

160 

64.4 

9.76 

68 

43 

18 

28.2 

9.82 

40 

80 

10 

26.0 

11.42 

81 

40 

41 

60.6 

10.26 

44 

22 

22 

60.0 

10.82 

1,981 

1.001 

980 

48.1 

7.42 

Nmnberof 

Skimmed 

Milks. 


Bocton, 
Brockton,  . 
Cambridge, 
Cbelaea,     . 
Fall  RiTer, 
Fltebborg, 
Oloneeeter, 
Lawrenee,  • 
Lowell, 
Lynn, 
Maiden,     . 
Marlboroagh, 
Newton,     . 
New  Bedford, 
Qulncy, 
Balem, 
Sonaerville, 
Tannion,   . 
Waltbam,  . 
Wobtun,    . 
WoroMter, 


1 
6 


1 
1 


18 


Milk  from  Towns. 


TOWHS. 


Totel 

Mllke  Col- 

leeted. 


Abore 
Standard. 


Below 
Standard. 


Per  Cent 

Below 
Standard. 


Total 

SoUdfln 

Lowest 

Sample. 


Nomberof 

Skimmed 

Mllke. 


Adama,      • 

BrookUne, 

Cantoo,      • 

Dedbun,   . 

ETer«U,     . 

Framingbau, . . 

Greenfield, 

Hull,  .... 

Hyde  Park, 

Marblataead,     . 

Medford,   . 

MUford,     • 

Nadek,      . 

Norwood,  •       .       . 

Orange, 

PlymoDth, 

ProTlneetowo,  . 

Baodolpb, . 

Berere,      . 

BtoDeham, 

Btonghtoo,  r 

Wakefleld, 

Warabam  (Onset  Bay), 

Watertown, 

Weymootb, 

WInthTop, 


12 
88 
17 
64 
67 

6 
12 
18 
60 
12 
72 
12 
24 
21 
12 

4 
40 
10 
84 
16 
21 

6 
13 
18 

8 

9 


10 

48 

18 

87 

29 

4 

10 

4 

27 

8 

80 

4 

21 

IS 

7 

1 

29 

10 

16 

6 

16 

8 

9 

6 

6 

9 


876 


2 

86 

4 

17 

28 

2 

2 

9 

82 

4 

42 

8 

8 

8 

6 

8 

11 

0 

18 

10 

6 

2 

4 

8 

2 

0 


264 


16.6 

42.2 

28.6 

81.6 

49.1 

88.8 

16.6 

60.2 

64.2 

83.3 

68.8 

66.6 

12.6 

88.1 

41.6 

76. 

27.6 

0.0 
62.9 
6S.6 
28.8 
40. 
80.7 
61.6 
26. 

0.0 


41.8 


12.11 
11.88 

9.84 
10.02 
10.40 
11.82 
12.60 
10.00 
10. 10 

9.19 

9.88 
11.80 
12.89 

9.81 
10.06 
11.47 

9.28 
18.40 
10.46 
11.80 
12.11 
11.19 
12.08 
10.36 
12.36 
12.70 


9.19 
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Milk  from  Suspected  Pboducebs. 


BcsrBCTKD  PaoDUCBia. 


Totel 
MUks  Col- 
lected. 


Standard. 


Below 
SUndJurd. 


Per  Cent 

Below 
Standard. 


Total  Solidi 

in  Lowest 

Sample. 


Acton, 
Berlin, 
BlUetlea,   . 
Brookfleld, 
CarllBle,     . 
Charlton,  . 
Chelmsford, 
Concord,   . 
DoTor, 
Framingham, 
Grafton,    . 
Holllston,  . 
Hopedale, . 
Hopkinton, 
Lincoln,    . 
Littleton,  . 
Maynard,  . 
Medfleld,  . 
Medway,   . 
llendon,    . 
Millifl, 
Norfolk,    . 
Northborongh, 
Norwood, . 
Salisbury, . 
Shirley,     . 
Soathborongh, 
Button, 
Upton, 
Waltham,  . 
Walpolei   . 
Wenbam,  . 
Weatborongh, 
Weatport, . 
Wrentham, 


16 

15 

10 

6 

6 

89 

10 

4 

IS 

« 

12 

4 

4 

8 

16 

22 

6 

46 

8 

18 

0 

8 

12 

28 

18 

6 

6 

10 

17 

4 

21 

11 

84 

20 

12 


482 


4 
7 

12 
0 
1 

27 

18 
0 
6 
0 
0 
0 
0 
4 
6 
5 
0 

10 
2 
4 
8 
8 
6 

11 
8 
0 
8 
1 
1 
2 
4 
2 
4 

10 
2 


160 


11 
8 
7 
6 

4 

12 

6 

4 

0 
« 

12 
4 
4 

4 

10 

17 

6 

86 

1 

0 

6 

0 

7 

17 

10 

6 

2 

9 

16 

2 

17 

9 

80 

10 

10 


73.8 
68.8 
86.8 

100. 
80. 
80.8 
81.6 

100. 
50. 

100. 

100. 

100. 

100. 
60. 
66.6 
77.8 

100. 
78.4 
S3.3 
09.2 
66.6 
0.0 
68.3 
60.7 
55.5 

100. 
40. 
00. 
94.1 
50. 
80.0- 
81.8 
88.2 
50. 
83.8 
67.0 


10.46 
9.92 

12.14 
9.81 

4.72 

9.88 
11.70 
10.40 

9.86 
11.57 
10.04 

9.71 
11.14 
11.50 
11.43 
11.15 
10.40 
12.68 
10.21 

ii.oa 

IS.tf 
11.88 
10.63 

9.45 
11.31 

9.03 

9.39 
10.23 
12.63 

8.48 
10.88 
11.35 
10.94 
10.21 
T72 
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The  comparison  of  the  quality  of  samples  by  months  is  of  some 
interest  in  view  of  the  efforts  made  to  reduce  the  standard  during 
the  spring  and  summer  months. 

For  this  purpose  the  following  tables  have  been  prepared,  show- 
ing the  percentage  of  adulteration  during  the  months  of  the  pre- 
ceding as  well  as  of  the  present  year,  with  both  12  and  13  per  cent, 
assumed  as  a  standard  through  the  whole  year :  — 


QuALrrT  OF  Milk  bt  Months.    Year  Endino  Sept.  30,  1892. 


MOHTH*. 

Total 
Mllke  Col- 
lected. 

Above  13 
Per  Cent. 

Below  13 
Per  Cent. 

Below  12 
Per  Cent. 

Per  Cent,  of 

Adulteration. 

18  Per  Cent. 

SUndard. 

Per  Cent,  of 

Adulteration, 

12  Per  Cent. 

Standard. 

October, 805 

154 

151 

42 

49.5 

18.7 

November, 

197 

104 

98 

25 

47.2 

12.6 

December, 

142 

81 

61 

16 

42.9 

11.2 

January, . 

163 

102 

61 

8 

37.8 

4.9 

February, 

240 

119 

121 

80 

50.4 

12.5 

March,     . 

230 

98 

141 

44 

59. 

18.4 

April,      . 

386 

151 

185 

49 

55. 

14.6 

May.        .        . 

293 

125 

165 

43 

56.8 

14.6 

June, 

254 

91 

162 

48 

63.8 

16.9 

July,       .        . 

258 

89 

164 

64 

64.8 

25.2 

Aufuet,  . 

288 

68 

170 

42 

71.4 

17.6 

September, 

859 

128 

281 

68 

64.8 

17.5 

ATeiage,  . 

- 

- 

55.2 

15. 

QuALrry  of  Milk  by  Months.    Year  Ending  Sept.  30,  1898. 


MOXTHA. 


October,  . 
Norembcr, 
December, 
January, . 
Febraary, 
March,     . 
April,      . 
May.        . 
June. 
July, 

August,   . 
September, 

Average, 


Total 
MUki  Col- 
lected. 


272 
304 
260 
111 
109 
231 
257 
250 
294 
298 
423 
264 


Above  18 
Per  Cent. 


146 

187 

117 

51 

87 

103 

120 

85 

94 

91 

184 

107 


Below  18 
Per  Cent. 


126 
117 
148 
60 
72 
128 
137 
165 
200 
207 
289 
157 


Below  12 
Per  Cent. 


Per  Cent  of 

Adulteratlun, 

18  Per  Cent. 

Standard. 


28 
37 
49 
17 
25 
40 
50 
60 
82 
85 
122 
41 


46.8 

38.4 

55. 

54. 

66. 

55.4 

53.2 

66. 

68. 

69.4 

68.3 

50.5 


58.5 


Per  Cent,  of 

Adulteration, 

12  Per  Cent 

Standard. 


10.8 

12.1 

18.8 

15.3 

22.0 

17.3 

19.4 

24. 

10.9 

28.5 

28.8 

15.5 


18.6 
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Condensed  Milk. 

Samples  of  condensed  milk  and  so-called  ^^  evaporated  cream" 
were  analyzed  for  total  solids  and  fat  with  the  following  results,  the 
fat  being  obtained  by  benzine  extraction  :  — 


IHSPKOTOM* 
2(UMBBS. 


Brand. 


Character  of  Sample. 


Per  Cent. 
Solid!. 


Per  Cent. 

BoUda 

not  Fat. 


Per  Cent. 
Fat. 


Per  Cent. 
Water. 


18570  . 
18672  . 

1024  . 
15431  . 

1088  . 

8405  . 

83  . 

127  . 

1063  . 

1935  . 

2100  . 

2888  . 

2818  . 

2875  . 

8128  . 


St.  Cbarlea,  . 

Highland,     . 

St.  Cbarleip  . 

Baby,    . 

J.  B.  Smith, 

Newport, 

Purluo, 

Maine  Jeraey, 

Full  Weight, 

Sovereign,    . 

Winner, 

Fliberman's, 

Champion,   . 

Twltchel  CbampUn  Co., 

Dime,   .       •       .       • 


Evaporated  cream, 
««  «( 


II 


II 


Condenaed  milk, 


II 
II 
II 
II 
li 
II 
II 
II 
II 
II 
II 


II 
II 
II 
II 
II 
II 
II 
II 
II 
II 
II 


81.87 

26.88 

31.00 

26.70 

81.09 

20.74 

67.20 

50.70 

75.43 

63.65 

68.82 

61.10 

78.85 

68. 

60.02 

62.76 

74.46 

67.16 

71.75 

65.00 

68.00 

62.00 

60.10 

68.07 

74.20 

65.60 

72.20 

50.80 

72.10 

60.00 

5.04 
5.90 
4.35 
7.50 

11.78 
7.22 

10.85 
6.2< 
7.29 
6.75 
6.00 
6.03 
8.70 

12.40 

12.10 


r     I 


68.13 
68.40 
68.91 
32.80 
24.57 
81.6S 
21.65 
30.98 
25.55 
28.25 
32.00 
30.90 
25.S0 
27.80 
27.90 


Cheese. 

Seventy-three  samples  of  cheese  have  been  examined  and  no  case 
of  fraudulent  adulteration  has  been  found.  A  series  of  forty-one 
samples  were  obtained  at  different  times  from  the  poorer  quarters  of 
Boston,  and  were  analyzed  immediately  after  purchase,  before  any 
appreciable  loss  of  water  by  evaporation  could  take  place,  with  the 
following  results :  — 


IX8PB0T0RS*  KUKBEK. 

Per  Cent. 
Solid*. 

Per  Cent 
Fat. 

Per  Cent 

Solid! 
Not  Fat. 

Percent 
Water. 

Percent 
Fat  in 

Total  Solid!. 

Price  per 
Peond. 

5241 

66.04 

88. 

28.04 

88.06 

67.54 

Centi. 
17 

5280 

66.06 

87. 

20.06 

88.04 

66.01 

16 

5287 

62.86 

26. 

86.86 

37.64 

41.fl0 

10 

6285 

66.18 

84. 

32.18 

88.88 

61.22 

18 

6288 

66.00 

86. 

81.00 

84.00 

68.08 

16 
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IXSPKCTOfiS*  NCMBBB. 

Per  Cent. 
SoUds. 

Per  Cent 
Fat. 

Per  Cent. 

aolida 
Not  Fat. 

Per  Cent. 
Water. 

Per  Cent. 

Fat  In 

ToUl  SoUds. 

Price  per 
Pound. 

5231 

68.14 

38. 

30.14 

31.86 

56.77 

CenU. 
16 

52». 

»              1 

62.14 

32. 

30.14 

87.86 

51.40 

16 

522T. 

< 

66.60 

85. 

31.00 

83.40 

52.55 

16 

5325. 

t 

1        M.19 

84. 

30.10 

85.81 

52.07 

16 

3327 . 

1 

67.26 

87. 

30.26 

32.74 

55.01 

16 

5331. 

■ 

66.76 

85. 

81.76 

88.24 

52.41 

16 

5333. 

• 

66.24 

37. 

20.24 

33.76 

55.85 

16 

5335. 

1 

1        68.84 

88. 

30.84 

31.16 

56.20 

18 

5323. 

■ 

1        M.82 

85. 

29.82 

35.68 

54.41 

16 

5821. 

1 

00.36 

86. 

25.86 

80.64 

57.08 

16 

5815. 

• 

'        72.30 

87. 

85.30 

27.70 

51.17 

16 

5817. 

1              1 

60.40 

84. 

26.40 

80.60 

56.20 

16 

5819. 

1              < 

66.00 

86. 

20.00 

35.00 

55.88 

16 

5811.        . 

i 

63.72 

35. 

28.72 

86.28 

54.92 

16 

5809.        . 

1                1 

70.12 

87. 

83.12 

20.88 

5-2.76 

16 

5818.        . 

1               a 

70.37 

82. 

38.37 

20.68 

45.47 

16 

5827.        . 

1               1 

60.10 

80. 

30.10 

81.00 

66.44 

16 

5825.        . 

1 

72.S2 

40. 

82.52 

28.48 

55.15 

16 

5829.       . 

»               1 

68.03 

38. 

80.03 

81.07 

56.13 

16 

5831.       . 

1               1 

62.88 

36. 

26.88 

37.12 

57.23 

16 

5887.       . 

■ 

60.43 

85. 

24.43 

40.57 

58.80 

16 

5835.       . 

■ 

62.00 

32. 

80.00 

37.01 

51.53 

16 

5833.       . 

• 

65.80 

20. 

26.89 

44.11 

51.80 

16 

5839. 

» 

67.02 

40. 

27.02 

82.08 

68.80 

16 

5008. 

» 

67.01 

85. 

82.04 

82.06 

51.51 

16 

5889. 

• 

70.40 

82. 

88.40 

20.51 

46.80 

16 

• 

. 

70.81 

87. 

83.31 

20.60 

52.62 

16 

8573. 

9 

60.00 

80. 

80.00 

80.01 

56.72 

16 

MOl. 

m 

60.88 

86. 

88.83 

80.17 

51.56 

16 

5897. 

» 

60.14 

86. 

83.14 

30.86 

62.05 

16 

5899. 

• 

60.01 

27. 

42.01 

30.00 

30.12 

16 

5329* 

■ 

44.48 

8. 

41.48 

55.67 

6.75 

14 

5337t 

» 

44.26 

26. 

18.26 

55.74 

58.74 

- 

5889t 

■ 

61.80 

45. 

16.30 

88.70 

78.40 

20 

172TOt 

p 

44.70 

6.2 

30.50 

55.30 

11.63 

- 

Avon 

«e.S. 

66.85 

35. 

31.35 

33.65 

52.75 

~ 

*  Bklmmed  milk  cheese. 
t  Cream  oheeae. 


t  Neafchatel  cheese. 

S  Average  is  exdasive  of  last  four  samples. 
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It  will  be  noticed  that  with  few  exceptions  the  uniform  retail 
price  of  whole-milk  cheese  was  found  to  be  sixteen  cents  per  pound. 
The  exceptions  were  the  skimmed-milk  cheeses  and  remnant  lots  of 
poor  quality  which  were  cheaper  and  the  extra  cream  cheeses  which 
were  more  expensive.  This  means  two-thirds  of  a  pound  of  milk 
solids  for  sixteen  cents,  or  one  pound  for  twenty-four  cents.  Now, 
twenty-four  cents  will  buy  at  retail,  as  a  rule,  four  quarts  of  standard 
milk,  which  contain  approximately  one  pound  of  milk  solids.  Weight 
for  weight,  then  (water  excluded),  cheese  and  milk  are  sold  prac- 
tically at  the  same  rate.  It  should  be  added,  however,  that  nearly 
one-third  of  the  milk  solids  is  sugar,  a  much  cheaper  element  of 
food  than  the  fat  and  proteids  which  are  in  greater  proportion  in 
cheese.  The  percentage  of  fat  determined  by  the  Babcock  process 
in  terms  of  solids  averaged  53  per  cent.,  a  somewhat  high  ratio. 
Of  standard  milk  the  fat  is  28  per  cent,  in  terms  of  the  solids,  the 
smaller  ratio  being  due  chiefly  to  the  excess  of  sugar  in  the  milk 
solids. 

Butter. 

In  but  one  instance  has  the  fraudulent  substitution  of  oleomar^a- 
rine  for  butter  been  found.  Four  hundred  and  seventeen  samples 
of  butter  have  been  analyzed  and  twenty-four  of  oleomargarine. 

Bread. 

Fifty-nine  samples  of  bread,  chiefly  of  cheap  white  bread,  were 
collected  from  the  poorer  classes  of  bakeries  and  grocers'  shops  in 
order  to  ascertain  what  soil;  of  bread  is  furnished  to  the  poorer 
classes  who  usually  depend  on  the  ''corner  grocery"  for  their 
supply. 

Inspection  showed,  as  a  rule,  loaves  which  were  not  "far  from  the 
standard  ''home-baked  family  loaf."  They  showed,  as  a  rule,  a 
thorough  baking,  though  there  were  not  a  few  exceptions  to  this 
rule;  they  were  well  "raised,"  had  a  good  crumbling  fracture, 
were  not  tough  and  soggy,  nor,  on  the  other  hand,  were  they  over- 
raised,  with  a  dry  and  spongy  texture.  The  majority  had  the 
sweet,  agreeable  odor  and  taste  described  as  the  "  nutty  flavor" 
characteristic  of  a  well-made  loaf.  In  a  number  of  instances,  how- 
over,  Inhere  was  distinctly  perceptible  a  musty  flavor,  amounting  in 
some  cases  to  a  downright  sour  odor  and  taste.  This  sourness 
seems,  at  least  in  part,  to  be  due  to  a  bacterial  growth  attended  bv 
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the  productioD  of  lactic  acid  or  of  acid  salts.  At  what  stage  in  the 
process  of  manufacture  this  incipient  decomposition  has  taken  place 
it  is  impossible  to  determine  without  a  careful  investigation  of  each 
step  in  the  pi'ocess  of  making  every  loaf. 

The  souring  of  bread  may  usually  be  traced  to  poor  materials  or 
to  uncleanness  in  the  manufacture.  Chief  among  the  unsound  mate- 
rials which  may  contribute  toward  this  sourness  are  usually  noted 
damaged  flour  and  decomposing  yeast.  So  far  as  has  been  investi- 
gated the  use  of  unsound  flour  is  not  practiced  in  this  part  of  the 
country.  The  yeast  generally  used  is  of  excellent  quality.  It  is  a 
stifi^y  smooth  mash,  put  up  usually  in  small  tin-foiled  cakes,  and 
kept  in  a  cool  place.  Under  the  microscope  this  mash  is  seen  to  be 
composed  of  about  equal  parts  of  potato  or  corn  starch  and  yeast 
spores.  It  has  a  distinct  yeasty  odor,  and  but  rarely  is  it  strongly 
acid  in  reaction.  To  the  almost  universal  use  of  good  sweet  yeast  of 
this  variety  in  the  small  bakeries  is  doubtless  due  no  small  share  in 
the  great  improvement  in  quality  of  the  common  baker's  loaf  of  to- 
day as  compared  with  that  of  ten  or  more  years  ago. 

A  vigorous,  pure  yeast  which  will  <*  raise"  quickly  is  a  great 
preventive  against  sour  bread,  for  not  only  is  it  comparatively  free 
from  the  germs  and  products  of  lactic  acid  decomposition,  but  by 
doing  its  work  quickly  it  enables  the  baker  to  check  the  fermenta- 
tion or  '  *  raising "  process  before  the  lactic  acid  or  sour  decompo- 
sition is  reached. 

The  degree  of  sourness  of  the  samples  of  bread  examined  has 
been  roughly  measured  and  compared  by  titrating  or  /leutralizing 
10  grammes  of  the  crumb,  rubbed  up  with  water,  with  a  decinormal 
soda  solution.  To  neutralize  the  acidity  of  10  grammes  of  the  nor- 
mally sweet  loaf  an  average  of  2  cubic  centimeters  of  the  soda  solu- 
tion was  required.  This  would  correspond  to  0.72  grammes  of 
lactic  acid  per  loaf  of  an  average  weight  of  about  400  grammes. 
The  loaf  exhibiting  the  maximum  sourness  or  acidity  required  10 
cubic  centimeters  per  10  grammes  of  bread  corresponding  to  11.61 
grammes  of  lactic  acid  per  loaf  of  1,291  grammes. 

The  so-called  black  bread  (rye  bread),  which  finds  a  ready  sale 
among  our  foreign  population,  is  notably  sour  and  heavy,  and  ap- 
parently its  sourness  is  valued  by  this  class.  A  sour  bread  is  un- 
desirable, not  only  because  it  is  unpalatable  but  also  because  of  tho 
bacterial  processes  of  decomposition  which  this  acidity  indicates, 
and  which  may  seriously  interfere  with  digestion. 
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Bread. 


IH8PBCTOBS* 
KUVBKS. 

Weight  Of  Loaf  In 
Orammes. 

1 

04 

Percentage  of  SoUds. 

B 

"SS, 
P. 

i 

0- 

Acidity.   Cubic  Cen- 
timeters   of   Soda 
Solution  Required 
to    Neutralize    10 
Gms.  Fresh  Bread. 

Prior  of   Loaf   in 
Cents. 

Description. 

4761     . 

480 

42 

58 

1.03 

2.5 

5 

White. 

4763    . 

434 

83 

07 

1.10 

2.7 

6 

White. 

4766    . 

340 

43 

57 

0.00 

2.2 

5 

White. 

4703    . 

580 

41 

69 

0.90 

2.7 

10 

White. 

4795    . 

- 

48 

67 

1.30 

8.0 

5 

White. 

4899    . 

417 

42 

68 

0.95 

- 

5 

White,  with  caratroy  seed. 

6245    . 

890 

45 

55 

1.90 

2.6 

5 

White. 

6253    . 

457 

43 

67 

0.02 

- 

6 

White. 

6247     . 

873 

40 

60 

1.44 

4.8 

4 

White,    over-raised,    dry    and 

6249    . 

387 

89 

61 

1.94 

- 

5 

apongy. 
White,  over-raiaed. 

6251    . 

408 

42 

58 

1.18 

3.5 

5 

White. 

0253    . 

400 

41 

50 

1.23 

1.8 

5 

White,  from  "  N.  E.  kitchen." 

6691    . 

404 

42 

58 

0.08 

- 

6 

White,  underdone. 

0093    . 

410 

44 

56 

1.05 

- 

5 

White. 

0095    . 

387 

43 

57 

1.40 

3.3 

4 

White,  over-raised,  spongy. 

0097     . 

481 

43 

67 

0.83 

3.3 

5 

White. 

0099    . 

450 

42 

68 

1.09 

3.0 

5 

White.     ' 

0701    . 

887 

41 

59 

1.10 

1.9 

5 

While, "  milk  loaf." 

0703    . 

320 

42 

58 

1.40 

2.1 

4 

White. 

0705    . 
0707     . 

»    602 
415 

43 
43 

57 

67 

1.83 
0.05 

6.2 
1.3 

4 

5 

White,  glazed  roll  loaf,  tough 

and  sour. 
White,  underdone. 

0709     . 

450 

43 

57 

0.85 

1.4 

5 

White,  underdone 

0713    . 

495 

42 

68 

0.95 

1.7 

5 

White,  "ahortened." 

0716    . 

422 

42 

58 

1.27 

6 

White. 

6717    . 

415 

42 

58 

1.00 

5 

White. 

0719    . 

054 

44 

50 

1.00 

1.8 

10 

White,  "  milk  loaf." 

0721     . 

420 

42 

58 

;.16 

1.8 

5 

White. 

0723    . 

547 

39 

01 

0.85 

3.2 

6 

White,  over.raised,  underdone. 

0725    . 

422 

42 

58 

0.92 

2.1 

5 

White. 

0727    . 

382 

42 

58 

0.80 

1.7 

5 

White. 

6511    . 

204 

44 

50 

0.85 

1.4 

4 

White,  "French  loaf." 

0509    . 

401 

41 

59 

0.04 

2.4 

5 

White. 

6507     . 

441 

42 

58 

0.00 

1.9 

5 

White,  underdone. 

6:)05     . 

053 

44 

56 

1.60 

7.0 

0 

White,  yellowish,  sour. 

I 
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Bread—  Concluded. 


"r(i»™* 

m 

s 

I 

»— 

«603     .        .        . 

*a 

42 

'    M          0 

75 

B.0 

White. 

HiM 

4H 

4B 
11 

u 

17           1 
ST          0 

go 

IT 
U 
71 

l.» 

While. 

whiw. 

Mas 

4SS 

ts 

K          0 

M 

S.0 

While. 

ewi 

US 

41 

M          0 

ST 

8.0 

White. 

WW 

4IB 

43 

M          1 

10 

2.B 

White,  "FreDch  roll." 

Mil 

4IT 

4! 

6S          1 

u 

S.1 

While,  »g3r. 

M13 

431 

44 

M         0 

M 

1.B 

While,  nndsrdoiw. 

Mil 

SIS 

41 

K         1 

U 

4.3 

6rUi«D. 

•51S 

41B 

n 

«          1 

04 

3.1 

QnbuB. 

UIT 

40T 

40 

M       .1 

40 

3.1 

Qnhun. 

UlS 

am 

40 

«o     ■    0 

M 

3.1 

Onhun,  over-nlied,  apDile;. 

nil 

4U 

43 

W          1 

u 

3.3 

GnJiun. 

U23 

NM 

a 

S6          1 

46 

10 

Onhnni. 

4SW 

4ie 

ta 

«a       I 

10 

8.S 

QnLhiun. 

U2S 

tor 

u 

K          1 

30 

- 

Whole  wheat  bind. 

ura 

44S 

*T 

n       a 

30 

.    ■ 

"Dl.b.lle"br«d. 

uio 

IM 

48 

M       1 

11 

I.I 

"UufflD*." 

4:m 

mi 

4T 

U          3 

la 

10.0 

'■Bl»elib«»il"(t7e). 

N3J 

5M 

41 

GS          S 

» 

- 

"  Buck  brHa." 

WW 

«7 

4S 

GB          0 

01 

"Seedbretd," 

Mil 

WO 

4B 

«          3 

M 

BrowD  bietd. 

M» 

110 

» 

M          1 

M 

10 

'■  Kuoker-biod." 

Spices. 
The  microscopic  esamination  of  over  1,400  samples  of  ground 
apiues  resulted  in  the  discovery  of  189,  or  14  per  cent,  of  adulterated 
samples. 

Allspice. 
AdulteratioD,  5  per  ceut.     Adulterants  found  were  wheat,  com, 
ginger  and  nut  shells. 
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Cassia. 

Adulteration,  7  per  cent.  Adulterants  found  were  ginger,  bark 
of  some  variety,  wheat,  pease,  sawdust  and  nut  shells.  The  worst 
specimen  contained  75  per  cent,  of  wheat. 

Cayenne, 

Adulteration,  38  per  cent.  Adulterants  found  were  corn,  wheat, 
ginger,  nut  shells  and  turmeric.  The  worst  specimen  contained  90 
per  cent,  of  wheat,  corn,  turmeric  and  cocoanut  shells.  Many  of 
these  samples  were  purchased  as  <<  capsicum"  from  drug  stores, and 
in  these  instances  the  percentage  of  adulteration  was  higher  than  the 
average. 

Cloves. 

Adulteration,  13  per  cent.  Adulterants  found  were  corn,  wheat, 
allspice,  nut  shells,  pease,  ginger,  pepper,  charcoal,  dirt,  turmeric 
and  clove  stems.  The  worst  specimen  contained  70  per  cent,  of 
nut  shells,  pease  and  ginger. 

Ginger. 

Adulteration,  7  per  cent.  Adulterants  found  were  corn,  wheat, 
rice  and  turmeric.  The  worst  specimen  contained  40  per  cent,  of 
corn  and  turmeric. 

Mace, 

The  only  adulteration  found  was  the  apparently  accidental  ad- 
mixture of  other  spices  in  one  instance. 


Mustard, 

Adulteration,  27  per  cent.  Adulterants  found  were  wheat,  corn, 
rice,  cayenne,  mustard  hulls,  tapioca  and  turmeric,  the  latter  being 
added  for  color  both  in  the  ground  form  and  in  the  form  of  an  ex- 
tract. The  worst  specimen  contained  but  a  small  trace  of  mustard, 
the  other  constituents  being  the  first  four  of  the  above-named  adul- 
terants, colored  with  turmeric. 


Nutmeg, 
No  adulteration  found. 
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Pepper. 

Adulteration,  11  per  cent.  Adulterants  found  were  wheat,  buck- 
wheat, corn,  sawdust,  cayenne,  nutshells  and  charcoal.  The  worst 
specimen  contained  90  per  cent,  of  wheat,  buckwheat  and  cayenne. 

Baking  Potvder. 
Of  eight  brands  of  baking  powder  examined,  six  contained  alum. 

Canned  Goods. 

Of  nineteen  samples  of  canned  goods  of  various  kinds,  none  were 
found  to  contain  any  harmful  preservative  or  metallic  poison. 

Chocolate. 
No  adulteration  was  found  in  the  five  samples  submitted. 

Confectionery. 

Of  the  fifty-nine  samples  examined,  all  but  two  were  composed  of 
edible  and  non-injurious  constituents,  such  as  cane  sugar,  glucose, 
and  wheat,  corn  and  potato  starch.  Two  samples  contained  paraffin 
in  considerable  amount  and  turpentine,  which  was  added  doubtless 
under  the  name  of  '*  Essence  of  Lemon." 

Coffee, 

Adulteration,  30  per  cent.  Adulterants  found  were  chicory, 
pease,  wheat,  wood,  charcoal  and  dried  grains  composed  of  ground 
pea  hulls  and  molasses.  The  worst  case  of  adulteration  contained 
50  per  cent,  of  pease  and  chicory,  while  a  *'  compound  coflfee"  was 
found  to  contain  no  coffee  whatever.  A  coffee  substitute  and  adul- 
terant was  found  to  consist  of  small  brown  pellets  of  about  the  size 
of  coffee  beans,  but  composed  of  wheat  mash,  mixed  with  a  red 
oxide  of  iron  for  a  color,  and  roasted. 

Cream  of  Tartar, 

Adulteration,  3  per  cent.  Adulterants  found  were  gypsum,  corn 
starch  and  phosphate  of  calcium.  The  adulteration  of  cream  of  tartar 
is  now  comparatively  rare.  The  worst  sample  contained  75  per  cent, 
of  calcium  phosphate  and  corn,  while  a  **  compound  cream  of  tartar" 
was  found  to  contain  no  cream  of  tartar  whatever. 
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Honey. 

Adulteration,  14  per  cent.  The  only  adulterant  found  was  glu- 
cose syrup,  which  was  found  in  varying  amounts  up  to  40  per  cent. 
The  analysis  of  honey,  sugars  and  syrups  is  made  by  means  of  the 
polariscope. 

Molasses. 

Adulteration,  11  per  cent.  The  only  adulterant  found  was  glu- 
cose syrup,  which  was  present  in  one  instance  to  the  extent  of  40 
per  cent. 

Maple  Syrup. 

Adulteration,  43  per  cent.     Adulterants  found  were  cane  sugar 
other  than  maple  and  glucose.     The  worst  specimen  was  a  so-called 
'*  Vermont  Maple  Syrup,"  containing  58  per  cent,  of  glucose  syrup. 
> 

Maple  Sugar. 

Adulteration,  34  per  cent.  The  adulterant  found  was  a  crude 
molasses  sugar,  which  chemically  is  nearly  identical  with  maple 
sugar,  but  whose  flavor  is  totally  different. 

Syrup. 

Only  one  sample  of  the  fifteen  submitted  was  found  to  be  adulter- 
ated, but  that  contained  50  per  cent,  of  glucose. 

Lard. 

Adulteration,  28  per  cent.  The  adulterants  found  were  cotton- 
seed oil  and  tallow. 

Tea. 

None  was  found  to  contain  other  than  genuine  tea  leaves,  and  but 
one  sample  contained  too  much  mineral  matter  indicating  spent 
leaves.  The  rigid  examination  of  teas  at  various  ports  of  entry  by 
government  inspectors  regularly  appointed  for  that  purpose  has 
resulted  in  practically  shutting  out  spurious  teas  from  our  market. 

Vineffar. 

Adultei'ation,  34  per  cent.  Any  failure  to  conform  to  the  legal 
standard  of  4.5  per  cent,  of  acetic  acid  and  2  per  cent,  of  apple  solids 
constitutes  adulteration.     Samples  may  contain  too  little  acetic  acid 
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either  from  insufficient  fermentation  of  the  cider  or  from  dilution 
with  water.  An  insufficiency  of  apple  solids  indicates  watering,  and 
the  substitution  of  other  solids  indicates  that  the  vinegar  is  made  at 
least  in  part  by  the  fermentation  of  materials  other  than  cider,  — 
notably  molasses.  The  greater  number  of  adulterated  samples  fell 
but  slightly  below  the  standard. 

Olive  Oil. 

Adulteration,  26  per  cent.  The  adulterant  found  was  cotton-seed 
oil.  Many  of  the  cotton-seed  oil  substitutes  for  olive  are  now  labeled 
*'  sweet  oil"  or  '^  salad  oil,"  terms  of  such  an  indefinite  significance 
that  technically  there  is  no  deception. 

Miscellaneous. 

Of  116  samples  of  a  miscellaneous  description  24  were  found  not 
of  good  quality.  Of  this  number  were  samples  of  pickles  containing 
notable  quantities  of  alum ;  dried  apples  containing  considerable 
traces  of  zinc ;  catsup  containing  salicylic  acid  ;  fruit  syrups  contain- 
ing salicylic  acid,  in  some  instances  to  the  extent  of  0.47  per  cent. ; 
salt  fish  preserved  with  boracic  acid. 

Among  the  novelties  of  this  class  was  a  sample  of  '<  kustard  "  which 

proved  to  be  a  mixture  of  corn  starch  and  salt  flavored  with  cou- 

marin. 

Summary  of  Food  Statistics. 


Gen  nine. 

Adalter- 
ated. 

Total. 

Gen  nine. 

Adulter- 
ated. 

Total. 

Allspice,  . 

02 

A 

97 

Honey,     . 

46 

8 

54 

Baking  powder. 

2 

6 

8 

Lard, 

16 

6 

21 

Bread,      . 

69 

0 

69 

Mace, 

56 

1 

67 

Batter,     . 

417 

24 

441 

Maple  augar,    . 

28 

16 

43 

Canned  good*. 

10 

0 

19 

Maple  syrup,  . 

17 

13 

30 

Caaala, 

185 

14 

199 

Miscellimeous, 

116 

24 

140 

Cayenne, . 

40 

26 

65 

Molasses, . 

136 

17 

153 

Cheeae.     . 

73 

0 

73 

Mustard, 

174 

64 

238 

Cliocolate, 

5 

0 

6 

Nutmeg, 

2 

0 

2 

Clovea,     . 

100 

28 

218 

Olive  oil. 

17 

6 

23 

Coflfee,     . 

49 

21 

70 

Pepper,    . 

289 

36 

325 

Coofeetionery, 

60 

2 

61 

Syrup,      , 

14 

1 

15 

Cream  of  Urtar,     . 

368 

13 

866 

Tea,  . 

59 

1 

60 

Ginger,     . 

198 

16 

209 

Vinegar,  . 

58 

31 

89 
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Drugs. 

Of  this  class,  327  samples  were  examined.     Ninety-nine  proved 
to  be  not  of  Pharmacopoeal  quality. 

Acidum  Benzoicum:  3  standard. 

« 

Acidum  Hydrobromicum:  2  standard. 

Acidum  Tannicum:   15  standard;    1  inferior,  containing  a  resin 
insoluble  in  water. 

^ther:  6  standard  ;  2  inferior,  cbntaining  too  much  alcohol. 

^ther  fortior :  3  standard. 

Alcohol:  15  standard. 

Aqua  Ammonice :   5  standard ;  2  inferior,  containing  too  much 
water. 

Aqua  Ammonice  fortior :  5  standard. 
Aqua  Destillata :  1  standard. 
Bismuthi  Subnitras:  2  standard. 
Cerii  Oxalas:  2  standard. 

Chloroform:  3  standard. 

Extractum  Glycyrrhizod :  1  standard ;  2  inferior,  containing  con- 
siderable amounts  of  corn  and  wheat  starch. 

Extractum  Malti:  1  of  good  quality. 

Ferri  et  Quinince  Citras:  7  not  of  the  Pharmacopoeal  standard. 

Glyceinnum:   16  standard;  3  inferior,  containing  oils  reducing 
nitrate  of  silver,  one  sample  containing  petroleum. 

Iodoform:  1  standard. 

Lycopodium:  2  standard. 

Liquor  Magnesii  Citratis:  2  standard. 

Magnesii  sulphas :  1  standard. 

Oleum  Olivce:  9  of  good  quality;  2  cotton-seed  oils. 

Opii  Pulvis:  10  standard,  2  inferior,  containing  too  little  mor- 
phine. 
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Potassii  Acetas:  5  standard;  3  inferior,  containing  considerable 
carbonate  and  chloride. 

Potassii  Citras:  "6  standard. 

Potassii  lodidum :  6  standard  ;  1  inferior,  containing  a  consider- 
able amount  of  chloride. 

Potassii  Permanganas :  6  standard. 

Pulvis  Effervescens  Compositus:  13  standard  in  quality,  but  of 
considerable  variety  of  weight,  and  the  blue  and  white  papers  trans- 
posed in  two  instances. 

Pulvis  GlycyrrhizoB  Compositus:  1  of  inferior  quality. 

Pulvis  Rhei:  9  standard. 

QuinincB  Bisulphas :  1  standard. 

QuininoB  Sulphas:  7  standard. 

Spiritus  Frumenti:  2  standard;  1  inferior,  containing  too  much 
solid  matter,  chiefly  sugar.  The  percentage  of  alcohol  varied  from 
41  to  53. 

Spiritus  Juniperi:  2  of  good  quality  and  2  inferior,  being  largely 
diluted  with  water. 

Spiritus  Limonis:  1  standard. 

Spiritus  Vini  Oallici:  2  standard. 

Sulphur  Lotum:  12  standard  ;  1  inferior,  containing  50  per  cent, 
of  gypsum. 

Syrupus:  1  standard;  1  inferior,  containing  too  much  water. 

Tinctura  Aconiti:  6  standard. 

Tinctura  lodi:  3  standard;  10  inferior,  containing  too  little 
iodine,  the  deficiency  being  from  5  to  30  per  cent. 

Tinctura  Nucis  Vomicoe:  4  standard ;  5  inferior.  This  tincture 
should  contain  2  per  cent,  of  the  dry  extract.  The  samples  sub- 
mitted contained  from  2.19  per  cent,  to  0.6  per  cent. 

Tinctura  Opii:  25  standard;  27  inferior.  This  tincture  should 
contain  1.3  to  1.5  per  cent,  of  morphine  by  the  Pharmacopoeal  assa3\ 
The  samples  submitted  contained  from  2.19  percent,  to  0.66  per 
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cent.,  the  strongest  tincture  being  more  than  three  times  as  strong 
as  the  weakest. 

Vinum  Album :  4t  samples  not  of  Pharmacopoeal  quality,  contain- 
ing too  much  solid  residue,  chiefly  sugar.  The  alcohol  also  was 
found  to  be  from  1  to  3  per  cent,  in  excess. 

Vinum  Rvhrum:  16  samples  not  of  Pharmacopoeal  quality.  Here 
again  there  proved  to  be  a  large  excess  of  sugar,  while  the  alcohol 
varied  from  2  per  cent,  below  to  3  per  cent,  above  the  standard. 

Zingiber:  1  standard. 

Miscellaneous:  12  of  good  quality;  1  not  of  good  quality.  In 
this  class  were  included  samples  of  non-poisonous  insect  fluids  com- 
posed of  benzine,  alcohol,  peppermint,  pennyroyal  and  borax. 

A  **  wild  cherry  beverage"  contained  no  hydrocyanic  acid. 

A  sample  of  patent  obesity  pills  contained  nothing  to  be  detected 
but  sugar. 

A  sample  of  "  freckle  lotion"  contained  forty  grains  of  corrosive 
sublimate  per  bottle. 

Other  face  washes  selling  at  one  or  two  dollars  per  bottle  were 
found  to  contain  alcohol  and  citric  acid  in  solution,  and  sulphur, 
chalk  and  gypsum  in  suspension. 

A  sample  of  '*  Black  Pepsin"  was  foi^nd  to  consist  of  ground 
annatto  and  salt.     It  gave  a  slight  pepsin  digestion  reaction. 

A  sample  of  **  Compound  Extract  of  Salix,"  prepared  for  pre- 
serving eggs,  fruit  and  vegetables,  proved  to  be  salicylic  acid. 

Summary. 


Gfennlne. 


Adulterated. 


ToUl. 


Milks, 

Foods  Dot  milk, 

Drugs, 

Totals, 


1,545 

2,763 

228 

1,528 

377 

99 

4,536 

2,004 

3,078 

3,140 

827 

6,540 


Respectfully  submitted, 


CHARLES  P.  WORCESTER. 
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PROFESSOK  GOESSMANN'S  REPORT. 


The  following  report  comprises  the  results  of  the  analyses  of 
samples  of  milk  obtained  in  the  four  western  counties  of  Massachusetts 
during  the  year  ending  Sept.  30,  1893. 

The  whole  number  examined  was  187,  of  which  38,  or  20.3  per 

cent.,  were  below  the  standard.  This  result  was  but  slightly 
greater  than  that  of  1892  for  the  same  district,  which  was  19.8 
per  cent. 

The  results  of  analyses  were  as  follows :  — 

Whole  number  examined, '    .  187 

Number  aboye  standard, 149 

Number  below  standard, 38 

Percentage  below  standard, 20.3 

Samples  of  skimmed  milk, 7 

The  statistics  of  the  cities  are  as  follows :  — 

Chicopee. 

Number  of  samples, 16 

Number  above  standard, 14 

Number  below  standard, 2 

Percentage  below  standard, 12.5 

Skimmed  milk, 2 

HOLTOKE. 

Number  of  samples, 16 

Number  above  standard,  • 16 

Number  below  standard, 0 

Percentage  below  standard, 0 

Skimmed  milk, 2 

PiTTSPIELD. 

Number  of  samples, 15 

Number  above  standard, 9 

Number  below  standard, 6 

Percentage  below  standard, 40.0 

Skimmed  milk, 0 
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Springfifxd. 

Number  of  samples, 37 

Number  above  standard, 28 

Number  below  standard, 9 

Percentage  below  standard, 24.3 

Skimmed  milk, 0 

The  results  in  the  towns  were  as  follows :  — 


ToUl. 

Above 
Standard. 

Below 
Standard. 

FerccnU^t 

bdow 
Standtrd. 

Adams, 

13 

12 

1 

— 

Greenfield, 

12 

10 

2 

- 

Lee, 

8 

5 

3 

- 

North  Adams, 

42 

34 

8 

- 

Orange, 

12 

7 

6 

- 

Ware, 

'   16 

14 

2 

* 

103 

82 

21 

20.4 

A3IHEB8T,  Mass. 


C.  A.  GOESSMANN, 

Chmiit. 
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ISOLATION  HOSPITALS  FOR  INFECTIOUS  DISEASES. 


By  S.  W.  Abbott,  M.D.,  Secretary  of  the  Board. 


An  increased  demand,  during  the  past  two  years,  from  the  author- 
ities of  cities  and  large  towns,  and  especially  from  manufacturing 
towns,  for  information  on  the  subject  of  infectious  disease  hospitals 
has  formed  the  incentive  to  the  compilation  of  the  following  paper. 

The  essential  difference  between  hospitals  established  for  receiving 
patients  attacked  with  infectious  disease  and  other  hospitals  consists 
in  the  fact  that  the  latter,  the  general  hospitals,  are  maintained  mainly 
for  the  purpose  of  affording  care  and  treatment  for  the  individual, 
while  the  former,  the  infectious  disease  hospitals,  in  affording  this 
care  and  treatment  also  provide  for  the  protection  of  the  community 
at  large,  and  thus  constitute  one  of  the  essential  measures  for  pre- 
venting the  spread  of  infectious  diseases  by  furnishing  the  means  for 
isolating  the  first  cases  which  appear  in  any  community. 

The  principal  reasons  for  providing  these  establishments  in  large 
cities  are  the  following  :  — 

First.  Isolation  constitutes  the  first  and  essential  principle  in  the 
preventive  treatment  of  the  majority  of  infectious  diseases.  The 
more  perfect  the  barrier  between  the  sick  and  the  well  the  greater 
becomes  the  certainty  of  staying  the  spread  of  infectious  disease. 
On  the  other  hand,  the  increasing  accumulation  of  our  population 
in  the  cities  has  a  tendency  to  favor  the  spread  of  such  disease. 
The  urban  population  of  Massachusetts  (i.  e.,  people  living  in 
cities  having  more  than  8,000  inhabitants  in  each),  was  only  27.1 
per  cent,  of  the  total  population  of  the  State  in  1840.  In  1880 
it  had  increased  to  58.4  per  cent.,  and  in  1890  to  69.9  per  cent. 
The  urban  population  of  the  United  States  had  also  increased  from 
22.6  per  cent,  in  1880  to  29.1  per  cent,  in  1890. 

To  illustrate  the  effect  which  this  crowding  together  of  the  popu- 
lation has  upon  the  mortality  from  infectious  diseases  the  following 
data  are  presented.  They  are  the  result  of  observations  upon  this 
subject  extending  over  a  period  of  twenty  years  in  Massachusetts, 
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and  were  published  in  the  twenty-third  annual  report  of  the  State 
Board  of  Health,  page  783,  etc.  They  are  here  more  conveniently 
grouped  together  in  one  table. 

Mortality  from  Eight  Principal  Infectious  and  Destructive  Diseases  in  Dense^ 
Medium  and  Sparsely  Settled  Districts  in  Massachusetts^  thai  of  Dense  Dis- 
tricts being  taken  as  1,000. 


Mortality  from 

AU 
Canses. 

Measles. 

Rcarlet 
Fever. 

Diphtheria 

and 

Croup. 

Small- 
pox. 

Cholera 
Infantam. 

Con- 
samptloa 

Pneu- 
moala. 

Typhoid 
Fever. 

Dense, 

Medium,  . 
Sparse,     . 

1,000    1 
826    i 

1 

760 

1,000 
617 
445 

1,000 
818 
687 

1,000 
780 
634 

1,000 
882 
149 

1,000 
898 
639 

1,000 
810 
727 

1,000 
792 
783 

1.000 
1,109 
1,175 

In  using  these  terms,  dejise  refers  to  those  districts  in  which  there 
was  less  than  one  acre  to  each  inhabitant ;  medium^  to  those  districts 
in  which  there  was  more  than  one  acre  but  less  than  four  acres  to 
each  inhabitant ;  and  sparse^  to  those  districts  in  which  there  were 
more  than  four  acres  to  each  inhabitant.  By  this  table  it  appears 
that  overcrowding  has  an  unfavorable  effect  upon  the  mortality  of 
each  one  of  the  foregoing  diseases  except  typhoid  fever. 

Secondly.  The  inability  of  the  majority  of  laborers  and  mechanics 
to  furnish  separate  accommodations  for  the  isolation  of  members  of 
their  families  who  may  become  ill  with  infectious  disease  is  well 
known.  Such  families  usually  live  in  tenements  having  from  one 
to  four  rooms,  none  of  which  can  safely  be  devoted  to  the  treatment 
and  isolation  of  infectious  diseases  of  a  dangerous  character.  The 
serious  overcrowding  which  prevails  in  some  of  the  large  cities  of 
Great  Britain  has  not  yet  been  reached  in  any  of  our  large  cities, 
but  the  tendency  is  in  that  direction  (Glasgow  has  a  population 
of  more  than  100,000  living  in  one- room  tenements).  The  very 
great  increase  of  the  population  of  this  class  by  immigration  has 
been  the  chief  factor  in  causing  overcrowding  in  our  cities  during 
the  past  decade. 

TJiird,  Another  important  advantage  secured  by  the  isolating 
hospital  is  found  in  the  fact  that  the  ordinary  duties  of  the  house- 
hold, the  attendance  at  school,  and  especially  the  support  of  the 
family  by  its  wage-earners,  can  be  carried  on  without  disturbance, 
the  danger  of  infection  having  been  removed  by  the  transfer  of  the 
sick  member  of  the  family  to  the  hospital.  It  has  not  unfrequently 
happened  that  the  local  sanitary  authorities  in  some  of  our  cities  and 
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toTrns  have  not  only  rigorously  enforced  the  law  relating  to  non- 
attendance  at  school,  but  have  also  quarantined  the  whole  family, 
old  and  young ;  so  that,  by  this  means,  the  scholar  is  deprived  of 
from  two  to  ten  weeks,  or  even  more,  of  his  educational  privileges 
at  the  most  impoilant  or  most  receptive  period  of  his  life,  the 
length  of  time  depending  upon  the  duration  of  illness  in  the  infected 
household ;  and  more  than  this,  the  father  and  other  wage-earners 
have  been  kept  from  work  in  the  mill,  the  factory  or  the  workshop. 
Even  if  he  is  allowed  to  work,  his  fellow  workmen  are  wont  to 
regard  him  with  suspicion  so  long  as  a  case  of  any  one  of  the  in- 
fectious fevers  exists  in  his  household.  Now,  the  prompt  removal 
of  such  cases  permits  the  school  attendance  and  the  employment  of 
other  members  of  the  family  to  go  on  undisturbed.  ' 

In  all  my  experience  with  local  boards  of  health  during  the  past 
few  years,  I  know  of  no  circumstance  or  condition  which  has  given 
more  serious  trouble  and  perplexity  than  this,  nor  do  I  know  of  any 
which  is  likely  to  be  relieved  to  so  great  an  extent  as  is  this  condi- 
tion by  the  introduction  of  the  isolating  hospital. 

So  far  as  one  disease  (small-pox)  is  concerned,  the  principle  of 
isolation  in  a  hospital  specially  provided  or  designed  for  such  pur- 
pose has  been  recognized  from  a  very  early  period  of  our  history. 
In  1701  an  act  was  passed  by  the  General  Court  **for  the  better 
preventing  the  spread  of  infection,"  wherein  it  was  provided  that 
**  when  persons  were  visited  with  the  plague,  small-pox  or  pestilen- 
tial or  malignant  fever,  and  other  contagious  sickness,  the  infection 
whereof  may  be  communicated  to  others,"  the  selectmen  were  em- 
powered to  remove  such  infected  persons  to  separate  houses,  and  to 
provide  '<  nurses,  tendance  and  other  assistance  and  necessaries  for 
them,  at  the  charge  of  the  parties  themselves,  their  parents  or  mas- 
ters (if  able),  or  otherwise  at  the  charge  of  the  town  or  place  where 
they  belong." 

Small-pox  has  been  shorn  of  much  of  its  terrors  by  the  discovery 
and  practice  of  vaccination,  so  that  while  in  the  last  century  it  fur- 
nished a  very  large  percentage  of  the  deaths  the  ratio  of  such  mor- 
tality in  the  present  century  has  been  very  greatly  diminished. 

The  number  of  deaths  from  small-pox  in  the  twenty  years  (1871- 
1890)  in  Massachusetts  was  2,298,  while  those  from  measles,  scarlet 
fever,  diphtheria,  croup  and  typhoid  fever  were,  respectively,  3,984, 
14,639,  3rt,553  and  19,421.  If  the  ratio  of  cases  to  deaths  main- 
tained the  average  which  has  usually  been  observed,  the  total  num- 
ber of  cases  of  these  diseases  which  occurred  in  the  State  durinsr 
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these  twenty  years  must  have  been  at  least  700,000.  Had  adequate 
provision  been  furnished  for  controlling  epidemics  at  their  outset,  it 
is  safe  to  say  that  a  very  considerable  portion  of  these  lives,  and 
also  of  these  cases  of  illness,  might  have  been  saved.  The  pro- 
vision of  isolating  hospitals  constitutes  one  important  measure  for 
controlling  such  epidemics,  while  prompt  notification  by  the  attend- 
ing physicians,  disinfection,  vaccination  and  restriction  of  school 
attendance  from  infected  families  also  constitute  a  part  of  the  same 
general  plan  of  action. 

Hospitals  for  infectious  diseases  have  reached  their  highest  type 
of  development  in  England,  but  are  not  yet  in  very  common  use  in 
the  continental  countries  of  Europe.  In  commenting  upon  the  his- 
tory of  this  subject,  Dr.  Buchanan  says,  in  his  introduction  to  the 
special  report  to  the  Local  Government  Board  of  England  upon  the 
**  Use  and  Influence  of  Hospitals  for  Infectious  Diseases  " :  — 

The  original  design  of  these  hospitals  in  England  was  to  promote  tbe 
recovery  of  the  individual  poor  patient  for  whom  other  accommodation  was 
wanting ;  indeed,  the  name  *'  house  of  recovery"  was  a  frequent  synonym 
for  infectious  disease  hospital  at  the  period  when  such  an  institution  was 
first  seen  to  be  necessary.  But  it  was  inevitable  that  the  advantages  to  be 
obtained  by  the  district  possessing  a  hospital  should  soon  force  themselves 
upon  the  attention  of  the  observer,  and  from  a  very  early  period  of  their 
history  infectious  disease  hospitals  have  been  advocated  on  the  ground  of 
their  protecting  the  household  against  the  spread  of  infection. 

The  benefits  of  these  hospitals  were  not,  however,  obtained  without  a 
good  deal  of  misfortune  within  the  walls  of  the  institutions  themselves. 
In  the  small-pox  hospital,  indeed,  this  was  not  apparent.  Small-pox  had 
been  regarded  from  the  beginning  as  requiring  a  special  building  for  itself. 
It  had  a  ''  specific  "  contagion,  which  could  not  be  safely  treated  under  the 
same  roof  with  the  "general"  contagion  of  fever.  So,  in  the  hospital 
where  no  disease  but  small-pox  was  received,  patients  had  no  opportunity 
of  contracting  other  diseases.  The  nurses,  in  early  times  selected  from 
among  those  who  had  passed  through  an  attack  of  small-pox,  and  in  later 
times,  having  their  vaccination  specially  cared  for,  took  nothing  from  their 
patients;  but  in  the  "fever  hospital"  the  case  was  diflfereut.  Doctors 
and  nurses  caught  fever,  in  some  years  more  than  in  others,  while  convales- 
cent patients  had  what  appeared  to  be  repetitions  of  fever  attacks.  So 
serious  indeed  did  these  misadventures  become  that  forty  years  ago  it  had 
come  to  be  spoken  of  as  doubtful  whether  fever  cases,  if  they  were  to  be 
treated  in  hospitals  at  all,  had  not  better  be  distributed  through  the  wards 
of  general  hospitals.  The  experinaent  was  tried,  but  with  far  greater  dis- 
aster to  the  patients  and  attendants  of  the  general  hospital. 
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In  the  foregoing  quotation  the  special  form  of  fever  to  which  refer- 
ence is  made  is  undoubtedly  typhus,  and  not  typhoid  or  enteric  fever. 

With  reference  to  the  propriety  of  separating  isolating  hospitals 
absolutely  from  all  other  establishments,  Dr.  Rowe  says  in  his  recent 
paper  upon  this  subject :  — 

In  large  communities  the  only  system  that  is  beyond  criticism  is  to  make 
for  infectious  diseases  a  separate  establishment,  independent  and  isolated. 
...  It  is  the  duty  of  hospital  workers  and  sanitarians  not  to  cease 
forcing  upon  public  authorities  the  necessity  of  intelligent  action,  until 
every  municipality,  through  its  public  treasury,  shall  provide  special  hos- 
pitals always  available  for  infectious  diseases.  Is  it  not  the  wisest  policy 
to  put  such  hospitals  under  the  immediate  control  of  the  local  board  of 
health  ?  They  have  so  close  a  connection  with  other  vital  matters  properly 
belonging  to  health  boards  that  it  conduces  to  unity  of  action  to  have  the 
suppression  of  infection  under  one  authority,  a  practice  that  obtains  in 
Great  Britain.* 

As  early  as  1866  an  act  of  Parliament  had  given  to  local  authori- 
ties the  power  to  erect  and  to  maintain  hospitals  for  isolation  of 
persons  suffering  with  contagious  diseases.  This  power  was  further 
enlarged  by  the  general  Public  Health  Act  of  1875.  As  a  result  of 
this  legislation  it  was  found  by  returns  made  in  1879  that  296 
authorities  had  availed  themselves  of  this  privilege  in  the  erection 
of  buildings  of  one  sort  or  another  for  this  specific  purpose.  The 
arrangements  were  in  some  cases  rudimentary  and  insufficient,  and 
on  the  other  hand  some  authorities  had  wisely  and  liberally  used 
their  powers  in  providing  efficient  hospitals  for  the  reception  of 
persons  suffering  with  contagious  fevers  and  from  small-pox. 

In  a  brief  paper  upon  the  same  subject  presented  at  the  Inter- 
national Congress  of  Hygiene  at  London  in  1891,  Dr.  Thorne  states 
that  this  number  had  increased  to  400,  and  that  the  general  adoption 
of  the  provisions  of  the  Infectious  Disease  (Notification)  Act  of  1889 
was  likely  to  lead  to  a  still  further  increase  in  the  number  of  these 
establishments. 

In  commenting  upon  the  diseases  calling  for  isolation.  Dr.  Thome 
savs :  — 

So  far,  there  is  no  evidence  that  aggregation  of  the  infectious  sick  suffer- 
ing from  any  of  these  diseases,  except  small-pox,  such  as  is  likely  to  be 
carried  out  by  any  ordinary  sanitary  authority,  leads  to  infection  of  the 

*  Paper  read  at  CoDgreas  of  Charltiea,  Correction  and  Philanthropy,  at  Chicago,  June,  1893. 
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surronndiDg  community,  provided  that  the  hospital  be  properly  constracted 
and  administered,  and  subject  to  a  zone  of  some  forty  feet  being  provided 
between  all  buildings  intended  to  receive  infected  persons  or  things  and  the 
boundary  wall,  or  close  fence  around  the  site.  Experience  has  shown  that 
it  is  otherwise  with  small-pox,  and  it  yet  remains  to  be  ascertained  what 
are  the  circumstances  under  which  cases  of  that  disease  can  be  aggregated 
for  the  purposes  of  sanitary  authorities  without  risk  to  the  community. 
Fortunately,  owing  to  the  protection  afforded  by  vaccination,  small- pox 
does  not,  as  is  commonly  supposed,  stand  foremost  among  the  infections 
fevers  calling  for  isolation  in  a  hospital.  As  a  rule,  port  sanitary  authori- 
ties alone  make  pix>vision  for  cholera. 

i_ 

JSxtent  of  Provision.  —  No  exact  rule  can  be  laid  down  as  to  the 
requisite  amount  of  provision  for  any  given  population.  A  general 
estimate  has  been  made  in  England  of  one  bed  to  each  1,000  inhabi- 
tants as  sufficient  for  ordinary  requirements.  But  the  character  of 
the  population  must  largely  determine  this  question.  Upon  this 
point  Dr.  Thorne  says  :  — 

In  a  locality  where  the  population  is  well-to-do,  and  most  houses  are  of 
a  size  and  construction  that  offer  reasonable  facilities  for  the  isolation  of 
single  attacks  of  the  current  infectious  fevers,  the  amount  of  hospital 
accommodation  needed  for  public  health  purposes  will  be  less  than  in  a 
manufacturing  district,  where  disease  cannot  be  treated  in  the  houses  in 
which  it  breaks  out  without  very  great  if  not  certain  risk  of  spread. 

With  this  point  in  view,  it  is  quite  plain  that  the  amount  of  hos- 
pital provision  per  1 ,000  inhabitants  in  a  residential  community  like 
tbose  of  Brooklino  or  Newton  would  necessarily  be  less  than  it  would 
be  in  manufacturing  cities  like  Lowell,  Lawrence,  Fall  River  and 
Worcester. 

Character  of  Accommodation  Required,  — Dr.  Thorne  has  so  dis- 
tinctly presented  the  essential  conditions  relative  to  the  necessary 
accommodations  of  an  infectious  disease  hospital  in  his  recent  pai)er 
at  the  International  Congress  of  Hygiene,  that  I  take  the  liberty  to 
quote  them  as  applicable  in  most  particulars  to  our  own  cities :  — 

Premising  that  all  the  conditions  that  are  deemed  essential  in  the  pro- 
vision of  a  healthy  dwelling-house  are  to  be  regarded  as  equally  desirable 
in  the  case  of  an  infectious  hospital,  I  would  only  here  refer  to  sach  other 
points  as  involve  considerations  peculiar  to  such  hospitals. 

(a)  As  regards  site.  —  It  is,  as  a  rule,  undesirable  to  select  any  site 
which  is  less  than  some  two  acres  in  extent ;  and,  even  then,  regard  should 
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be  had  to  the  need  for  extension  of  hospital  buildings,  whether  for  tem- 
porary purposes  or  owing  to  increase  of  population.  Where  practicable, 
only  single-story  hospital  pavilions  should  be  contemplated ;  and  having  re- 
gard to  their  distribution  on  the  site,  and  to  the  outdoor  exercise  of  con- 
valescents, twenty  patients  to  the  acre  will  generally  be  found  to  be  the 
limit  of  aggregation  of  sick  on  area. 

(6)  A8  regards  buildings,  —  The  administrative  building  should  be  dis- 
tinct from  all  others.  Nurses,  when  off  duty,  will  live  and  sleep  in  it ; 
tradesmen  will  call  there  for  orders  and  with  supplies,  and  relatives  will 
there  make  inquiries  as  to  the  progress  of  the  sick.  This  building  should 
always  be  so  placed  as  to  control  all  access  from  without  to  the  ward 
pavilions  and  other  hospital  buildings.  The  laundry,  ambulance  shed,  dis- 
infecting apparatus  and  mortuary  should  also  be  in  one  or  more  buildings 
separate  from  the  administrative  building  and  the  ward  pavilions. 

No  sanitary  district  can  be  regarded  as  properly  provided  for  unless  it 
has  immediately  available  sufficient  accommodation  for  the  isolation  of  two 
different  infectious  diseases  in  both  sexes,  and  some  means  for  the  special 
isolation  of  one  or  two  patients  needing  separate  accommodation,  as,  for 
example,  cases  in  which  the  nature  of  the  disease  is  at  first  doubtful. 
These  requirements  are  usually  met  by  the  provision  of  two  pairs  of  wards 
or  rooms  having  no  aerial  communication  with  each  other,  together  with 
one  or  two  special  isolation  rooms.  In  sparsely  populated  districts  these 
requirements  may  be  combined  in  one  pavilion,  the  separate  apartments  of 
which  open  separately  upon  verandahs.  Such  a  building  is  commonly 
styled  an  isolated  pavilion. 

Each  ward  pavilion  should  admit  of  cross  ventilation  by  means  of  windows 
in  the  two  opposite  side  walls ;  the  closets  and  ward  sinks,  having  them- 
selves independent  means  of  cross  ventilation,  should  be  entered  from  the 
wards  by  means  of  a  cross-ventilated  lobby ;  all  angles,  vertical  and  hori- 
zontal, should  be  rounded,  to  prevent  deposit  of  dust,  etc.,  and  a  nurse's 
duty  room  should  be  provided.  Assuming  that  each  ward  will  contain  the 
ordinary  proportion  of  acute  and  convalescent  patients,  and  that  it  is 
adequately  ventilated  and  warmed,  a  minimum  of  2,000  cubic  feet  of  air 
per  head  is  generally  found  to  suffice  in  order  to  maintain  reasonable 
parity  of  air ;  but  much  depends  on  the  allotment  of  this  amount  of  air  to 
the  individual  patient.  No  excess  in  the  amount  of  total  air  provided  — 
as,  for  example,  in  the  case  of  lofty  wards  —  can  compensate  for  crowding 
patients  on  the  floor  level ;  and  hence  the  beds  should  be  so  arranged  as  to 
ensure  for  each  patient  a  floor-space  of  some  156  square  feet.  And  since 
it  is  in  the  neighborhood  of  the  patient's  mouth  and  nostrils  that  it  is  above 
all  important  to  maintain  the  purity  of  ward  air,  it  is  of  all  things  neces- 
sary to  allot  to  each  bed  a  separate  amount  of  wall  space,  not  less  than 
some  twelve  feet  in  length. 

(c)  As  to  allotment  of  bed-space,  —  The  best  position  for  the  beds  is 
that  one  bed  should  occupy  each  one  wall-space  between  a  pair  of  win- 
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dow8,  the  head  of  the  bed  to  be  at  least  one  foot  away  from  the  wall,  so  as 
to  facilitate  movemeDt  of  air  about  the  patient's  head. 

Medical  advice  is  often  sought  as  to  the  number  of  beds  that  should  be 
placed  in  any  one  ward  of  an  infectious  hospital.  In  suggesting  an  answer 
to  this  question  I  cannot  avoid  the  conclusion  that  the  practice  of  treating 
sick  persons  under  circumstances  which  admit  of  the  air  by  which  they  are 
surrounded  being  charged  more  or  less  by  the  emanations  of  other  sick  per- 
sons is  wrong  in  principle,  and  that  from  this  point  of  view  any  aggrega- 
tion of  the  sick  in  wards  is  undesirable.  But  other  considerations  must, 
in  the  case  of  a  large  proportion  of  the  population,  be  regarded  as  out- 
weighing this  one  ;  and  all  that  can  be  properly  contended  for  is  that  the 
limit  of  such  aggregation  shall  be  decided  by  considerations  such  as  are 
involved  in  securing  freedom  from  any  recognizable  risk,  together  with 
such  efficiency  in  general  administration  and  nursing  as  is  consistent  with 
a  reasonable  regard  for  economy. 

The  several  infectious  fevers  doubtless  differ  in  regard  to  the  amount  of 
nursing  which  the  sick  require ;  but  taking  them  as  a  group,  and  assuming 
that  the  ordinary  proportion  of  acute  and  convalescing  cases  at  varying 
ages  are  brought  together,  it  may  be  held  that  any  one  nurse  can  rarely  be 
expected  to  take  charge  of  more  than  twelve  patients.  The  moment  this 
number  is  exceeded  the  nursing  staff  has  to  be  doubled,  and  directly  a 
second  nurse  is  required  it  would  be  better  in  the  interests  of  the  sick  that 
those  whom  she  nurses  should  be  in  a  separate  ward.  Holding  this  in 
view,  I  believe  it  will  generally  be  found  desirable  that  infectious  hospitals 
should  be  built  in  pavilions  so  contrived  that  in  each  there  shall  be  two 
wards,  one  for  males  and  the  other  for  females,  containing  together  not 
more  than  twelve  beds,  the  two  six-bedded  wards  to  be  separated  by 
nurses'  duty-room  and  an  entrance  lobby. 

The  diseases  for  which  persons  may  properly  be  treated  in  infec- 
tious disease  hospitals  are  mainly  those  which  are  specially  conta- 
gious in  their  nature,  and  are  liable  to  spread  from  the  sick  to  the 
well  in  consequence  of  proximity  to  each  other  in  the  small  and  ill- 
ventilated  tenements  of  large  cities.  It  frequently  happens  also  that 
travellers  stopping  at  hotels  or  boarding-houses  are  attacked  with 
some  infectious  disease,  and  the  business  of  the  establishment  is 
seriously  hindered  and  sometimes  stopped  altogether  for  a  time  by 
the  presence  even  of  a  single  case  of  such  disease.  I  have  had  occa- 
sion several  times  in  the  past  ten  years  to  investigate  instances  in 
which  these  circumstances  were  prominent.  Under  ordinary  rules 
such  cases  cannot  be  admitted  to  the  general  hospital,  but  may  very 
properly  be  taken  to  an  isolation  hospital  for  treatment. 
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The  diseases  which  should  be  treated  in  infectious  disease  hospi- 
tals are  scarlet  fever,  diphtheria,  small-pox,  measles,  typhus  fever, 
cholera,  typhoid  fever,  and  to  these  it  would  be  proper  to  add  in  the 
Southern  States  yellow  fever,  a  disease  from  which  the  New  Eng- 
land States  are  generally  exempt. 

Practically,  the  first  five  diseases  mentioned  in  the  foregoing  list 
are  those  for  which  provision  is  usually  made  in  isolation  hospitals* 
In  referring  to  English  practice  upon  this  point  Dr.  Thorne  says :  — 

Next  to  small-pox,  scarlet  fever  is  the  disease  for  the  isolatioQ  of  which 
most  efforts  have  been  made  by  sanitary  authorities.  The  various  forms 
of  continued  fever,  and  notably  cases  of  enteric  fever,  have  also  in  many 
districts  been  somewhat  extensively  isolated.  Diphtheria  and  erysipelas 
have  occasionally  been  dealt  with  in  isolation  hospitals,  and  at  times  efforts 
have  been  made  to  stay  the  spread  of  measles  in  the  same  way.  There  are, 
however,  conditions  which  render  attempts  to  deal  with  measles  by  means 
of  isolation  specially  difficult.  The  stage  at  which  the  disease  becomes 
infections  often  precedes  that  in  which  it  is  recognized ;  the  subjects  of  its 
attack  are  as  a  rule  of  exceptionally  tender  years,  and  a  large  proportion 
of  cases  never  come  under  medical  treatment  at  all.  Notwithstanding  its 
fatality,  therefore,  it  can  hardly  be  expected  that  hospital  provision  by  san- 
itary authorities  will  be  deemed  as  pressing  in  the  case  of  measles  as  in 
some  other  infectious  diseases. 

Scarlet  fever  is  the  disease  for  which  isolation  is  most  constantly  and 
most  urgently  needed.  The  mortality  it  occasions  exceeds  that  of  any 
other  communicable  fever  prevalent  in  this  country.  It  is  highly  infec- 
tious, and  there  are  no  effectual  means  apart  from  isolation  by  which  its 
spread  can  be  stayed.  Small-pox,  the  one  disease  which,  if  vaccination 
were  properly  carried  out,  should  least  call  for  hospital  provision,  may  per- 
haps be  deemed  to  stand  next  in  order  as  regards  the  measures  for  isolation. 
In  some  towns  typhus  has  prior  claims  to  small-pox  in  this  respect,  and  in 
all  districts  some  provision  should  be  made  for  the  other  continued  fevers. 

> 

The  foregoing  eictract  from  Dr.  Thome's  report  applies  with  equal 
force  to  the  case  of  our  own  cities  and  towns  at  the  present  time, 
with  this  exception,  that  we  should  give  much  greater  prominence 
to  diphtheria  as  a  disease  requiring  hospital  isolation.  The  very 
slight  importance  apparently  attached  to  diphtheria  in  the  English 
report  of  1880  is  undoubtedly  accounted  for  by  the  fact  that  the 
contagious  character  of  the  disease  was  not  then  so  thoroughly  estab- 
lished as  it  is  at  the  present  time,  a  dozen  years  later.  A  peculiar 
characteristic  of  diphtheria  appears  to  be  the  permanence  of  its 
infection,  and  the  liability  to  retain  its  vitality  in  houses  and  apart- 
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ments  for  a  considerable  period  of  time.  Hence  the  propriety  of 
speedy  removal  of  infected  persons  to  a  special  hospital  constructed 
with  reference  to  efficient  methods  of  disinfection,  which  are  ill- 
adapted  for  use  in  old,  crowded  and  ill-ventilated  tenements,  which, 
with  walls  and  floors  and  ceilings  having  many  cracks,  crevices  and 
crannies,  give  abundant  opportunity  to  harbor  the  specific  infectious 
material  of  diphtheria. 

While  the  mode  of  transmission  of  the  infection  of  typhoid  fever 
differs  essentially  from  that  of  some  of  the  other  infectious  diseases 
already  named,  it  is  undoubtedly  true  that  many  cases  occur  by 
means  of  personal  infection  from  one  person  to  another,  and  while 
the  alimentary  tract  is  the  part  through  which  the  specific  poison  is 
received,  and  often  by  means  of  the  public  or  private  water  supply, 
the  fact  should  not  be  overlooked  that  there  may  be  other  modes  of 
transmission  than  through  the  medium  of  the  water  supply.  While 
writing  this  paper  I  had  occasion  to  investigate  a  local  epidemic  in 
a  small  town,  having  circumstances  which  may  briefly  be  stated  as 
follows :  In  January  last,  a  man  was  attendant  as  a  nurse  and 
watcher  upon  a  typhoid  fever  patient  living  about  two  miles  distant 
from  his  own  house.  After  the  recovery  of  the  patient  he  went 
home  and  was  taken  ill  with  typhoid  fever  himself,  and  after  him, 
successively,  three  of  his  children,  a  grandchild,  and  finally  his  wife, 
the  disease  having  in  his  household  a  continuous  history  of  six 
months'  duration.  Careful  examination  was  made  of  the  surround- 
ings of  the  house,  the  water  supply,  the  disposal  of  refuse,  etc.,  and 
it  did  not  appear  that  the  local  conditions  were  at  fault,  but  the 
probability  lay  in  the  direction  of  personal  infection  from  the  first 
case  to  the  second,  and  so  on  through  the  family.  Doubtless  food 
and  possibly  milk  may  have  been  a  means  of  transmission  of  infec- 
tion ;  but  if  the  first  case  could  have  been  taken  to  a  hospital  and 
isolated  during  his  illness  and  convalescence,  it  is  probable  that  all 
the  remaining  members  of  the  family  would  have  escaped  the 
disease. 

This  is  only  a  single  example  of  multitudes  of  such  cases,  which 
are  constantly  recurring  and  in  which  a  system  of  well  planned 
isolating  hospitals  would  necessarily  diminish  very  greatly  the  num- 
ber of  cases  of  illness  as  well  as  the  mortality.  The  practical 
result  of  such  a  plan  when  properly  administered,  is  to  limit  out- 
breaks of  infectious  disease  to  the  first  cases  and  thus  to  prevent  the 
occurrence  of  epidemics. 
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Further  points  relative  to  construction.  —  Brick,  stone  or  iron 
are  undoubtedly  better  than  wood,  and  this  statement  applies  more 
decidedly  to  infectious  disease  hospitals  than  to  those  which  are  to 
be  used  for  general  purposes.  Especially  is  this  true  of  the  interior 
finish  of  wards  and  other  apartments  used  by  the  sick.  It  is  advis- 
able to  finish  the  walls  and  ceilings  with  a  hard  or  impermeable  sur- 
face, which  has  no  cracks  or  inaccessible  ledges  which  may  retain 
infection,  and  a  floor  of  best  asphalt  or  of  some  similar  impermeable 
material,  although  possessing  slight  disadvantages,  is  so  much 
superior  to  wood  for  the  purpose  of  cleaning,  as  to  be  well  worthy 
of  adoption  for  such  uses  in  wards  which  are  to  be  devoted  to  the 
most  infectious  diseases. 

In  adapting  dwelling  houses  in  small  districts  to  the  uses  of  infec- 
tious disease  hospitals  special  care  should  be  taken  to  select  houses  in 
isolated  positions.  Such  buildings  should  not  be  used  for  this  pur- 
pose in  large  cities. 

Such  hospitals  should  be  erected  in  a  careful  and  considerate 
manner,  with  due  regard  to  growth  of  population,  and  upon  a  well 
defined  plan.     Dr.  Thome's  inquiry  showed  that  — 

The  suitability  of  the  hospital  buildings  in  various  parts  of  the  country 
was  to  a  very  great  extent  dependent  upon  the  circumstances  under  which 
they  were  erected.  If  a  hospital  is  hurriedly  built  under  the  influence  of 
panic,  it  is  often  not  ready  for  occupation  until  the  immediate  cause  of  its 
erection  has  passed  by ;  it  provides  accommodation  of  a  very  indifferent 
sort ;  it  fails,  almost  without  exception,  to  meet  the  permanent  require- 
ments of  the  district  even  when  in  amount  it  turns  out  to  be  more  than  the 
district  needs  ;  and  thus  the  object  of  the  hospital  as  a  part  of  the  sanitary 
defences  of  the  district  is  often  attained  in  a  very  imperfect  manner  and  at 
a  needlessly  large  cost. 

Possibiliti/  of  spreading  infection.  — It  has  sometimes  been  urged 
that  such  hospitals  might  become  centres  of  infection  from  which 
diseases  would  spread  to  the  neighboring  districts.  Careful  investi- 
gation upon  this  point,  however,  among  the  numerous  hospitals  of 
this  sort  in  Great  Britain  showed  that  no  danger  need  be  feared 
from  this  source  except  in  the  case  of  small-pox.  A  thorough  inves- 
tigation made  by  Dr.  Power,  in  1882,  and  reported  to  the  Local 
Government  Board,  showed  that  in  the  neighborhood  of  the  Fulham 
small-pox  hospital  in  London,  small-pox  had  increased  almost  in  a 
direct  ratio  to  the  nearneds  of  the  population  to  the  hospital.     This 
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increase  was  also  independent  of  lines  of  human  intercourse.  Id 
point  of  time  there  was  also  a  very  marked  relation  between  the 
varying  use  of  the  hospital  and  the  manifestations  of  excessive  small- 
pox in  the  neighborhood. 

Hence  much  greater  care  is  necessary  in  selecting  an  isolated  site 
in  the  case  of  hospitals  intended  for  the  reception  of  smalUpox 
patients  than  is  necessary  in  the  case  of  those  which  are  to  be  used 
for  other  infectious  diseases. 

The  following  condensed  table  and  general  conclusions  are  taken 
from  Dr.  Power's  report :  — 


Admissions  of  Acute  Small-pox  to  Fulham  Hospital^  and  Incidence  of  Small-pox 
upon  Houses  in  Several  Divisions  of  the  Special  Area  during  Five  Epidemic 
Periods. 
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Absa  and  its  Divisions. 

Casks  or 
AcuTR  Small- 
pox ADHITTKD. 

In  Epldemie  Periods 

Since  Opening  of 

Hospital. 

On  Total 
Special 
Area. 

On  Small 
Circle  0-^ 

Mile. 

On  First 

Mile. 

On  Second       On  Third 
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MUe.              Miic 

1 
i 

827, 

714,        .       . 

679, 

292, 

616, 

Mar.,1877-eDdofl877, 
Jan.,  1878-S6pt.,  1878, 
Sept.,1878-Oct.,  1879, 
Oct.,  1870-Doc.,  1880, 
Deo.,  1880-Apr.,  1881, 

1.10 
1.80 
1.68 
.68 
1.21 

8.47 
4.62 
4.40 
1.86 
8.00 

1.37 
2.66 
2.68 
1.06 
1.64 

1.27                 .36 
1.84                 .67 
1.49                 M 
.80                .28 
1.26                .61 

3,627,        .        . 

Five  periods,       .       .  ' 

6.87                17.86 

1 

0.20 

6.16              S.&7 

Conclusions  Relative  to  the  Spread  op  Small-Pox  in  the  Neighbob- 

HOOD  OP  HosprrALS. 

1.  There  has  been  in  each  epidemic  period  an  excessive  incidence  of 
small-pox  in  houses  in  the  neighborhood  of  the  hospital  as  compared  with 
more  distant  houses  in  Chelsea,  Fulham  and  Kensington. 

2.  The  percentage  of  houses  invaded  in  the  neighborhood  of  the  hos- 
pital has  become  gradually  smaller  as  the  distance  of  the  houses  from  the 
hospital  has  increased. 

This  gradation  has  been  very  exact  and  very  constant. 

3.  Houses  upon  the  chief  lines  of  human  intercourse  with  the  hospital 
have  not  suffered  more  than  houses  lying  in  other  directions  from  the  hos- 
pital. 

4.  In  point  of  time,  there  has  been  a  very  marked  relation  between  the 
varying  use  of  the  hospital  and  the  manifestations  of  excessive  small-pox 
in  the  neighborhood. 
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Thia  relation  has  not  shown  itself  while  the  use  of  the  hospital  has  been 
for  convalescents  only. 

5.  The  appearance  of  excessive  small-pox  in  houses  around  the  hospital 
has  never  been  delayed  until  the  hospital  has  become  full,  or  nearly  full. 
It  has  been  always  most  remarkable  at  the  time  when  admissions  to  the 
hospital  were  beginning  to  increase  rapidly. 

In  the  succeeding  months  of  active  operations,  though  the  use  of  the 
hospital  may  have  gone  on  increasing,  the  excess  of  small-pox  upon  the 
neighborhood  has  habitually  become  less  marked. 

6.  On  comparison  of  different  epidemics  an  almost  constant  ratio  is 
observed  between  the  amount  of  the  hospital  operations  and  the  degree  of 
excess  of  small-pox  in  the  neighborhood. 

7.  The  machinery  of  the  hospital  administration,  with  inclusion  of 
defects  in  that  machinery,  does  not  account  for  the  peculiarity  of  small- 
pox incidence  within  the  three  parishes  of  Chelsea,  Fulham  and  Kensing- 
ton since  the  establishment  of  the  hospital. 

8.  There  must  have  been  some  condition  or  conditions  operating  to 
produce  the  observed  distribution  of  small-pox  around  the  hospital  that 
have  pertained  to  the  hospital  as  such,  and  that  have  been  in  excess  of  the 
condition  of  small-pox  extension  as  usually  recognized. 

9.  During  the  present  epidemic  pei-iod,  and  most  probably  during  for- 
mer similar  periods,  there  has  arisen  in  the  atmospheric  circumstances  of 
the  time,  peculiar  facility  for  the  dissemination  in  an  undamaged  state  of 
any  matter  that  may  have  been  given  off  from  the  hospital. 

Diainfecttng  Apparatus,  —  An  isolating  hospital  can  hardly  be  said 
to  be  complete  in  all  its  appliances  without  a  well-equipped  disinfect- 
ing apparatus.  This  may  be  used,  not  only  for  the  purpose  of  disin- 
fecting the  infected  material  which  must  necessarily  be  found  in  every 
such  hospital,  but  will  also  prove  a  powerful  ally  to  the  local  board 
of  health  for  the  disinfection  of  the  infected  articles  which  are  to  be 
found  wherever  scarlet  fever,  diphtheria,  typhoid  fever  and  other  in- 
fectious diseases  exist.  Such  articles  include  clothing,  bed  linen, 
mattresses,  and  all  the  textile  fabrics  which  are  capable  of  disinfection 
and  are  too  valuable  to  be  destroyed.  Such  disinfecting  stations  exist 
in  Berlin  and  in  Paris  as  separate  establishments,  and  are  conducted 
in  the  most  thorough  manner,  and  in  accordance  with  the  most  ap- 
proved methods.  There  is  no  reason,  however,  why  they  may  not 
be  employed  as  adjuncts  to  isolating  hospitals,  where  such  hospitals 
exist.  The  Board  of  Health  of  Boston  has  during  the  past  year 
established  such  a  station  at  its  new  infectious  hospital  at  Swett 
Street. 


a  portable  shape,  and  are  now  made,  both  in  this  country  and  in 
Europe,  at  considerably  less  cost  than  the  statiouary  eBtablishmenta. 


Let  U9  for  a  moment  consider  a  practical  illustration  of  such  a 
system  as  I  have  outlined :  A  father,  mother  and  four  small  chil- 
dren, the  latter  aged  two,  four,  six  and  nine  years,  occupy  a  tene- 
ment of  two  rooms,  including  a  kitchen  and  sleeping  room,  each 
about  twelve  feet  square  and  seven  and  a  half  or  eight  feet  high. 
The  kitchen  is  the  cooking  and  living  room  of  the  family,  and  both 
are  heated  by  the  kitchen  stove.  The  sleeping  room  is  occupied  at 
night  by  the  whole  family,  and  after  allowing  for  the  space  taken  by 
the  furniture  there  are  in  this  room  about  175  cubic  feet  of  airspace 
only  to  each  person,  which  is  doubled  by  the  open  door  into  tbe 
kitchen.  The  sleeping  room  has  but  one  window,  which,  in  winter, 
is  kept  constantly  closed,  and  there  is  no  special  means  for  ventila- 
tion.  I  am  not  here  describing  an  unusual  case,  but,  on  the  con- 
trary, one  which  is  of  very  common  occurrence  in  any  one  of  our 
large  manufacturing  cities. 

One  of  these  little  children  is  taken  ill  with  diphtheria  in  its 
severest  form.  There  is  no  provision  in  the  city  for  such  cases,  and 
the  mother  gives  the  child  the  best  care  which  she  can  afford  under 
the  circumstances.  The  neighbors  are  afraid  to  take  the  other  chil- 
dren to  their  homes.  The  next  child  is  too  young  to  attend  school, 
and  the  law  excludes  the  older  children  from  school  during  the 
prevalence  of  illness  in  tbe  family,  thus  making  tbeir  exposure  to 
infection  more  certain.  After  days  of  weary  watching  another  child 
falls  ill,  and  then  perhaps  the  mother  herself,  worn  with  care  and 
solicitude  for  her  little  ones,  becomes  a  victim  to  the  disease. 
Meanwhile  the  youngest  has  died,  and  is  laid  out  for  burial  in  a 
corner  of  the  kitchen,  the  living  room  of  the  family. 

Dr.  Russell,  the  health  officer  of  Glasgow,  in  commenting  upon 
such  cases,  which,  in  a  crowded  city  like  Glasgow,  were  once  of 
very  frequent  occurrence,  says,  when  contrasting  the  condition  of 
the  rich  and  of  the  poor  :  — 

Last  of  all,  when  you  die,  you  still  have  one  room  to  yourself,  where  ia 
decency  you  may  be  washed  and  dressed  and  laid  out  for  burial.  If  that 
one  room  were  your  house,  what  a  gbastly  intrusion  you  would  be.     Tbe 
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bed  on  which  you  lie  is  wanted  for  the  accommodation  of  the  living.  The 
table  at  which  your  children  ought  to  sit  must  bear  your  coffin,  and  they 
must  keep  your  unwelcome  company.  Day  and  night  you  lie  there  until 
with  difficulty  those  who  carry  you  out  thread  their  tortuous  way  along  the 
dark  lobby  and  down  the  narrow  stair  through  a  crowd  of  women  and  chil- 
dren. You  are  driven  along  the  busy  and  unsympathetic  streets,  lumber- 
ing beneath  the  vehicle  which  conveys  your  scanty  company  to  the  distant 
and  cheerless  cemetery,  where  the  acrid  and  deadly  air  of  the  city  in  which 
you  lived  will  still  blow  over  you  and  prevent  even  a  blade  of  grass  from 
growing  over  your  grave. 

Dr.  Bussell  has  here  graphically  described  a  death  among  the 
abodes  of  the  poor,  but  when  the  death  is  from  infectious  disease, 
the  conditions  are  still  worse,  since  the  added  danger  of  infection  to 
the  remaining  members  of  the  family  only  doubles  the  distress  of  the 
household.  Now  for  such  conditions  as  I  have  described  the  infec- 
tious disease  hospital  provides  a  most  excellent  remedy,  and  while 
it  may  not  prevent  the  occurrence  of  the  first  case  in  the  family,  it 
does  provide  for  the  taking  of  the  infected  person  to  a  suitable  place 
where  he  will  not  only  receive  far  better  care  himself,  but  will  not 
transmit  the  infection  to  his  brothers,  his  sisters  or  to  any  other 
person. 

In  the  hospital,  too,  in  place  of  overcrowded  and  ill-ventilated 
btsd  chambers,  there  are  large  and  well-ventilated  wards ;  in  place  of 
foul  air  and  darkness,  there  is  fresh  air  and  sunlight ;  in  place  of 
scanty  food  and  food  that  is  ill  adapted  to  the  wants  of  the  sick  there 
is  food  selected  especially  for  the  case  in  hand,  and  more  than  all 
this,  there  is  good  nursing  and  the  best  of  care,  and  when  the 
patient  has  recovered  he  is  returned  to  his  family,  no  longer  a 
source  of  danger  and  of  infection. 

Of  the  few  establishments  of  this  character  now  in  use  in  this 
State,  one  is  at  the  State  Primary  School  at  Monson,  where  it  was 
built  about  ten  years  ago  for  the  purpose  of  receiving  any  cases  of 
infectious  disease  which  might  arise  in  the  school.  It  has  proved 
exceedingly  useful  for  the  purpose  of  isolating  such  cases  of  scarlet 
fever,  diphtheria  and  measles  as  have  occurred  in  the  school,  and 
has  undoubtedly  prevented  the  outbreak  and  continuance  of  severe 
epidemics  of  these  diseases,  which  are  very  liable  to  occur  among 
children  of  such  ages  as  are  usually  received  at  this  school.  When 
no  means  are  provided  for  isolating  sick  children  such  epidemics 
often  make  sad  havoc  among  them. 
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This  hospital  contains  four  wards  capable  of  accommodating  about 
twenty  to  thirty  patients.  It  is  entirely  separated  from  the  other 
buildings. 
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Still  more  recently  an  isolating  hospital,  very  well  planned  and 
conveniently  arranged,  has  been  built  at  Cambridge,  under  the 
supervision  of  the  trustees  of  the  Cambridge  Hospital, 
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A  general  plan  of  the  main  floor  of  this  building  is  shown  upon 
page  706.  The  arrangement  of  wards  in  this  building  is  so  planned 
as  to  admit  of  the  treatment  of  two  diseases,  and  also  of  the  two 
sexes  in  each  case,  without  any  possible  communication  between  the 
two  halves  of  the  hospital.  Fourteen  beds  can  conveniently  be 
accommodated  in  the  building.  There  are  also  two  rooms  for 
nurses  in  a  second  story  not  shown  in  the  plan,  separate  from 
each  other,  each  room  being  reached  by  a  separate  stairway. 

In  describing  the  conditions  essential  to  a  well-contrived  isolating 
hospital  for  a  large  city.  Dr.  Rowe  makes  the  following  valuable 
suggestions,  some  of  which  could  hardly  be  carried  out  to  the 
letter,  except  in  large  and  wealthy  communities :  — 

The  wards  should  be  of  moderate  size,  not  to  exceed  thirty  beds.  The 
number  of  buildings  for  each  disease  should  be  sufficient  to  allow  one 
building  to,  so  to  speak,  'Mie  fallow"  for  renovation  and  disinfection. 
This  reserve  is  a  large  factor  in  reducing  the  mortality  in  an  infectious  dis- 
ease hospital.  This  generous  installation  of  site,  buildings  and  appoint- 
ments is  not  always  practicable,  either  from  the  topography  of  a  city,  an 
available  site  or  the  financial  condition  of  a  municipality.  Such  estab- 
lishments, however,  do  exist.  The  Belvidere  Hospital  for  Infectious 
Diseases  in  Glasgow,  Scotland,  is  a  most  notable  example.  It  covers 
thirty-one  acres  of  land,  and  has  thirty-five  buildings  with  accommodations 
for  infection  usually  prevalent  in  a  large  city.  No  better  argument  for 
isolation  hospitals  can  be  adduced  than  a  rehearsal  of  the  experience  of  the 
health  authorities  of  Glasgow,  in  changing  the  most  unhealthy  city  of 
Great  Britain,  with  the  largest  mortality  rate,  into  a  clean,  healthful  city, 
with  a  low  death-rate. 

Acting  in  conformity  with  the  principles  which  Dr.  Bowe  has  laid 
down  in  the  paper  from  which  I  have  here  quoted,  the  trustees  of  the 
Boston  City  Hospital  have  now  made  provision  for  this  purpose  upon 
a  lot  of  land  near  the  city  hospital  in  Boston.  The  group  of  seven 
buildings  comprising  this  hospital,  now  nearly  completed,  consists 
of  two  two-story  ward  pavilions,  connected  by  covered  corridors 
with  an  administration  building.  The  other  buildings  are  a  con- 
venient lodge-house,  a  nurses'  home,  and  a  boiler-house,  laundry, 
mortuary,  etc.  The  cut  on  page  708  shows  the  first  floor  of  one  of 
the  two  ward-pavilions  now  approaching  completion.  As  at  present 
arranged,  the  wards  are  designed  for  136  patients.  ' 

The  wards  at  the  City  Hospital,  now  occupied  for  the  reception  of 
patients  ill  with  diphtheria  and  scarlet-fever,  were  intended  for  only 
forty-two  patients,  but  the  urgent  demands  made  upon  the  hospital 
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for  receiving  this  class  of  cases  has  required  them  to  be  occupied  by 
sixty  patients  much  of  the  time. 

*^  These  difficulties,"  say  the  trustees  in  their  report  of  the  year 
1892,  *<  will  soon  be  remedied  by  the  completion  of  the  Chester  Park 
Hospital.  For  the  purpose  of  carrying  out  this  work  $271,000  were 
placed  at  the  disposal  of  the  trustees  for  the  construction  of  new  build- 
ing, $24,000  were  set  apart  for  the  construction  of  a  new  ambulance 
stable,  and  contracts  were  made  for  the  buildings,  to  cost  $203,000." 

In  referring  to  this  department  of  the  work  of  the  city  hospital 
for  the  year  1892,  Dr.  Bo  we  says  :  — 

The  contagious  service  has  been  extremely  active,  a  larger  number  of 
patients  having  been  admitted  than  during  any  previous  year.  The  total 
namber  of  patients  admitted  with  scarlet  fever,  diphtheria  and  other  com- 
plications was  788.  .  .  . 

The  diphtheria  ward  has  seldom  been  crowded,  although  during  several 
months  it  has  been  full.  The  character  of  the  cases  was  severe,  the 
marked  characteristic  being  that  a  very  large  number  were  brought  to  the 
hospital  in  the  last  extremity.  It  follows  that  the  mortality  has  been  large. 
The  scarlet  fever  ward  has  not  only  been  full  at  all  times,  but  during  the 
winter  months  it  has  been  crowded  beyond  a  limit  that  was  judicious.  The 
hospital  attempted  to  provide  for  all  cases  of  scarlet  fever  that  applied  for 
relief.  .  .  .  Some  applicants  have  been  rejected  because  the  wards  were 
crowded  to  an  extent  detrimental  to  those  under  treatment.  .  .  .  When 
the  new  hospital  for  contagious  diseases  is  completed  it  is  expected  its 
capacity  will  meet  not  only  the  present  demands  but  also  provide  for  any 
epidemics  such  as  have  hitherto  existed  in  Boston,  and  also  keep  pace  with 
the  growth  of  the  population. 

The  increasing  favor  with  which  hospital  treatment  for  infectious 
diseases  is  regarded  by  the  public  is  shown  by  the  fact  that  in  Lon- 
don the  numbers  admitted  to  the  hospitals  of  the  Metropolitan 
Asylum's  Board  increased  from  2,197  in  1886  to  8,334  in  1890. 
One-third  of  all  the  infectious  cases  legally  admissable  were  treated 
in  those  hospitals  in  1890.  In  Brighton,  England,  in  1891,  70  per 
cent,  of  scarlet  fever  cases  were  so  isolated. 

**  The  whole  drift  of  hospital  provision  is  toward  the  prevention 
of  epidemics  by  the  isolation  of  first  cases  of  infectious  disease,  the 
improvement  of  the  treatment  of  the  cases  admitted  upon  that  ob- 
tained at  home  being  but  part  of  the  main  object,  but  tending 
materially  to  diminish  the  mortality." 

A  very  good  illustration  of  a  small  and  well-designed  isolation 
hospital  for  a  residential  town  of  20,000  inhabitants,  or  for  a  manu- 
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facturing  town  of  a  smaller  population,  may  be  found  in  the  hospital 
at  Ealing,  England,  which  is  represented  in  the  accompanying  illus- 
trations. The  grounds  cover  about  two  acres  in  a  convenient  loca- 
tion upon  the  outskirts  of  the  village.  The  plan  includes  a  hospital 
for  about  twelve  or  sixteen  beds,  with  wards  for  two  diseases,  and 
opportunity  to  separate  the  sexes. 

An  administration  house,  porters'  lodge,  laundry,  mortuary,  ambu- 
lance shed  and  disinfecting  apparatus  are  also  provided.  The 
grounds  are  surrounded  by  a  brick  wall  about  six  feet  in  height. 
Space  is  also  shown  where  tents  may  be  erected  upon  a  concrete 
floor  in  case  of  an  unusual  epidemic.  The  same  space  may  also  be 
used  for  future  hospital  extensions. 

The  cost  of  this  establishment  was  about  $30,000,  including  cost 
of  land. 

In  the  construction  of  buildings  of  this  character  the  same  general 
rules  should  be  adopted  as  are  applicable  to  hospitals  in  general. 
The  trustees  or  committees  appointed  to  take  charge  of  construction 
should  make  themselves  acquainted  with  everything  requisite  to 
secure  the  best  buildings  for  hospital  purposes  which  modem  science 
and  trained  experience  can  produce.  In  illustration  of  the  neglect 
of  this  precautionary  measure  Mr.  H.  C.  Burdett,  author  of  "Hos- 
pitals and  Asylums  of  the  World,"  cites  the  following  instance  :  — 

This  very  autumn  we  had  to  inspect  a  new  hospital,  costing  many  thou- 
sands of  pounds,  where  the  committee  and  medical  staff  had  taken  infinite 
pains  to  secure  a  type  of  buildings  which  should  be  so  good  as  to  make 
their  institution  an  example  for  others  to  follow.  We  found,  however, 
that  the  buildings  actually  erected  were  a  failure,  and,  what  is  more,  a 
failure  of  the  worst  kind  ;  that  is  to  say,  the  faults  were  such  as  to  astonish 
any  one  who  had  taken  the  trouble  to  make  himself  practically  acquainted 
with  modern  progress  in  hospital  construction.  These  faults  were  not  due 
to  the  character  of  the  site,  or  to  any  special  circumstance,  but  arose  en- 
tirely from  ignorance,  and  what  we  venture  to  think  is  worse  than  ignorance, 
namely,  an  attempt  on  the  part  of  the  architect  to  adopt  what  he  believed} 
no  doubt,  to  be  modern  improvements  without  making  himself  acquainted 
with  the  purposes  those  improvements  were  intended  to  effect. 

One  of  the  first  hospitals  of  this  class  was  the  London  Fever  Hos- 
pital, established  about  1802,  at  Gray's  Inn  Road,  and  then  known 
as  a  '*  house  of  recovery,"  where  patients  convalescing  from  infec- 
tious diseases  could  be  taken  while  their  homes  were  being  cleansed 
or  disinfected.     It  was  afterward  removed  to  better  quarters,  where 
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it  served  the  purpose  of  isolating  the  infected  sick,  and  thus  protectr 
ing  the  healthy  part  of  the  population.  (See  plan  of  present  Londun 
Fever  Hospital,  page  713.)  The  rows  of  dwellings  upon  each  side 
of  this  hospital  show  its  close  relation  to  the  neighboring  population. 

Since  the  scope  of  this  paper  will  not  admit  of  the  details  of  hos- 
pital construction  the  reader  may  be  referred  with  advantage  to  the 
excellent  work  of  Mr.  H.  C.  Burdett  recently  published,  entitled 
"  Hospitals  and  Asylums  of  the  World." 

In  the  fourth  volume  of  this  work  are  given  brief  descriptions  of 
the  following  hospitals  devoted  to  the  care  of  persons  suflfering  with 
infectious  diseases :  — 


^London  Fever  Hospital. 


I     Small-pox  Hospital,  Highgate  (Lon.). 


Hospitals  of  the  Metropolitan  Asylum's  Board, 


•Eastern  (Homerton). 

South  Western  (Stockwell). 
•Northern  (Winchmore  Hill). 

Northwestern  (Hampstead). 
•South  Eastern  (New  Cross). 


Western  (Fulham). 
North  Eastern  (Tottenham). 
Hospital  Ships  (Long  Reach). 
^Ambulance  Stations. 


Provincial  Infectious  Hospitals, 


Belvidere  Hospital  (Glasgow). 
•Bradford  Fever  Hospital. 

Bolton  Borough  Hospital. 
•City  Hospital  for  Infectious  Diseases 
(Newcastle-upon-Tyne). 

Delancey  Hospital  (Cheltenham). 

Gateshead  Hospital. 
•Heathcote  Hospital  (Leamington). 

Hull  Corporation  Sanatorium. 

Infectious    Hospital    for    the    Joint 
Counties  (Carmarthen). 

Isolation  Hospital '(Huddersfield). 

Isolation  Hospital  (Oldham). 

Isolation  Hospital  (Homsey). 

Kendray  Fever  Hospital  (Bamsley). 

Lady  well  Sanatorium  (Salford). 

Leeds  House  of  Recovery. 

Monsall  Hospital  at  Manchester. 


Netherfield  Institution  for  Infectious 

Diseases  (Liverpool). 
♦New  City  Hospital  (South),  Grafton 
Street  (Liverpool). 

Nottingham  Borough  Epidemic  Hos- 
pital. 

Port   Sanitary    Authority's    Hospiial 

(London). 
♦River  Tyne  Port  Sanitary  Authority's 
Hospital. 

Sanitary  Hospital  at  Bournemouth. 

Sheffield  Borough  Hospital  for  Infec- 
tious Diseases. 

Sittingboume  &  Milton  Joint  Infec- 
tious Hospital. 

Temporary  Small-pox  Hospital  (Liv- 
erpool). 


Continental  Infectious  Hospitals, 

•Blegdams  Hospital  (Copenhagen). 

•UUevold's  Hospital,  Christiania  Communal  Epidemic  Hospital  (Sweden), 

Oresunds  Hospital. 

School  Sanatoria, 
Rugby  School  Sanatorium. 

King  Edward  VI.'s  School,  New  Sanatorium  (Sherborne,  Dorset). 

BlundelPs  School,  New  Sanatorium  (Tiverton,  Devon). 
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Probationary  Wards. 

Id  all  infectious  disease  hospitals  of  considerable  size  it  is  desirable 
to  establisli  probationary  wards  for  the  observation  of  doubtful  cases. 
It  is  often  very  difficult  to  make  a  correct  diagnosis  at  the  outset  of 
a  case  of  infectious  disease.  Meanwhile  great  danger  is  incurred  by 
the  family  or  the  household  with  whom  the  patient  may  be  residing. 
It  therefore  is  a  matter  of  considerable  importance  to  provide  a 
place  where  the  patient  may  be  kept  under  such  surveillance  as  will 
avoid  danger  to  others,  if  the  case  proves  to  be  infectious,  and  at 
the  same  time  may  avoid  the  infection  of  the  patient  if  it  so  happens 
that  his  illness  proves  to  be  either  non-infectious  or  a  less  danger- 
ous disease. 

School  Sanatoria^  or  Isolating  Wards. 

A  useful  application  of  the  system  of  infectious  disease  hospitals 
is  found  in  its  adaptation  to  the  uses  of  large  institutions  of  learn- 
ing, or  establishments  of  any  sort  in  which  young  people  are  congre- 
gated, either  for  educational  or  for  other  purposes,  away  from  their 
homes. 

It  is  by  no  means  a  matter  of  uncommon  occurrence  for  an  out- 
break of  infectious  diseases  to  take  place  among  the  inmates  of 
institutions  of  this  character.  Such  outbreaks  invariably  disturb 
the  harmony  of  the  college,  school  or  other  institution,  and  seriously 
interfere  with  the  regular  exercises.  Many  instances  of  such  out- 
breaks are  not  only  on  record,  but  in  some  cases  it  has  happened 
that  the  whole  school  or  college  population  has  been  broken  up  and 
sent  to  their  homes. 

The  existence  of  a  single  building,  in  which  the  first  cases  of  in- 
fectious disease  could  be  isolated  and  cared  for  until  convalescence 
ensued,  would  in  many  instances  have  obviated  much  of  this  trouble. 

Every  large  educational  establishment  should  possess  an  isolating 
ward  or  hospital,  which  could  in  emergencies  be  used  for  this  pur- 
pose. 

While  the  infectious  diseases  of  childhood  are  not  so  fatal  nor  so 
frequent  among  persons  of  school  or  college  ages,  their  occurrence  is 
yet  sufficiently  common  among  this  class  to  require  extreme  care  for 
their  prevention,  as  the  following  figures  will  show. 

The  deaths  from  certain  infectious  diseases  among  persons  be- 
tween the  ages  of  fifteen  and  thirty  years  in  Massachusetts,  during 


toe  period  of  twenty-eight  years  endiDg  with  1890,  were  as  tol- 
lows :  — 

From  aeaalea S76 

"      scarlet  fever, 763 

"      diphtheria, 1,130 

"      small-pox 1,L71 

To  the  foregoing  figures  should  be  added  the  deaths  from  typhoid 
ferer,  a  disease  which  finds  its  victims  in  the  period  fifteen  to  thirty 
years  in  the  greatest  numbers.  The  deaths  from  this  disease  at  those 
ages  for  the  same  period  in  Massachusetts  were  ll,9y3. 

Phthisis  claims  a  much  larger  harvest  from  this  age  period  than 
either  of  the  foregoing  diseases,  the  number  of  deaths  being  57,197 
for  the  same  time  and  ages.  In  the  case  of  phthisis,  however,  while 
its  infectious  character  must  be  recognized,  the  peculiar  nature  of  the 
disease  unfits  its  victims  for  the  continuance  of  prolonged  study,  and 
all  such  persons  should  be  advised  to  discontinue  their  connection  aa 
soon  as  the  nature  of  the  disease  is  recognized. 

Dr.  Sykee  concisely  explains  the  differences  between  residential 
and  non-residential  schools  with  reference  to  the  subject  of  isolation 
as  follows :  — 

There  is  a  strong  contrast  in  the  manner  in  which  personal  infection  is 
spread  in  non-residential  and  residential  schools.  In  non- residential 
schools  children  from  various  households  meet  at  a  centre,  become  in- 
fected,  and  returning,  distribute  the  infection  broadcast,  closure  being 
resorted  to  for  the  purpose  of  checking  its  spread.  In  residential  schools, 
OD  the  other  hand,  the  infection  is  more  or  less  coDdned  to  the  limits  of  the 
school,  and  is  only  distributed  beyond  upon  the  disbandment  of  the  pupils. 
Hence,  it  is  interesting  to  note  that  opposite  results  may  follow  the  similar 
process  of  closing  a  school,  in  the  two  cases,  unless  extreme  precautions 
are  taken. 

Residential  schools,  like  other  residential  institutions,  protect  themselves 
from  admitting  infected  scholars  from  without  by  requiring  certificates  of 
freedom  from  infection,  or  from  contact  with  infection,  upon  admission; 
and,  when  invaded,  from  the  spread  of  infection  within,  by  isolation  in 
proper  quarters.  Non-residential  schools,  where  the  attendance  is  daily, 
do  not  admit  of  the  application  of  measures  of  protection  in  this  form,  and 
are  dependent  upon  school-teachers  immediately  excluding  from  attendance 
children  suffering  from  infectious  disease,  or  being  members  of  an  infected 
family  or  household.  This  exclusion  can  only  be  enforced  by  the  teacher 
or  manager  being  informed  by  the  parents  or  by  the  sanitary  authority  of 


sorj  DotiQcatioD  is  therefore  a  valuable  protection  to  schools.  If  exclusioD 
fails,  and  iDfection  reaches  a  school,  not  directly  but  indirectly,  by  tJie 
commingling  of  infected  with  healthy  children  beyond  the  precincts  of  the 
school,  it  poinls  to  the  absence  of  proper  seclusion  of  the  infected  children 
at  home  or  in  hospital,  and  it  is  only  when  seclusion,  as  well  as  exclusion, 
fail  to  prevent  an  epidemic  in  a  school  that  dissolution  or  closure  of  the 
school  is  JustiSable.  Defects  of  internal  condition,  structure  or  site  liable 
to  lead  to  such  a  result  arc  naturally  also  included  in  such  justification. 

The  memorandum*  issued  in  December,  1890,  by  the  chief  medi- 
cal officer  of  the  Local  GoTernment  Board  explains  is  a  very  fall 
and  lucid  manner  the  measures  necessary  to  be  taken  in  this  direc- 
tion for  the  protection  of  "  public  elementary  Bchools"  by  sanitary 
autboritiea. 

SUHHART. 

The  advantages  of  the  separate  hospital  for  infectious  diseases 
may  be  summed  up  bnefly,  ns  follows  ;  — 

1.  Tbey  allow  tbe  complete  isolation  of  the  sick  in  cases  where 
the  sick  cannot  be  effectively  separated  at  their  homes. 

2.  Tbe  work  of  tbe  wage-earner,  the  ordinary  duties  of  the 
household  and  the  school  attendance  of  children  can  go  on  as  usual 
without  interruption. 

3.  Infection  is  thus  kept  by  itself  in  a  place  where  it  can  be 
intelligently  treated  and  destroyed.  Otherwise,  in  tenement-honses 
and  crowded  dwellings,  and  among  those  who  are  ignorant  of  its 
nature  and  its  proper  management  and  control,  it  may  spread  and 
cause  infinite  barm. 

4.  Cities  requiring  sucb  hospitals  should  not  wait  for  the  hurried 
impetus  derived  from  panic,  but  should  construct  carefully  and 
thoroughly,  and  with  due  regard  to  their  own  special  needs.  Such 
hospitals,  like  fire  departments,  when  completed  should  be  always 
ready  for  immediate  use.  They  should  be  accessible  and  under 
wise  and  intelligent  management. 

•  Qnoted  Id  fall  Id  twsDty-lblrd  MiODil  report  ol  State  Baud  ol  BulUi,  1S»1,  s*t*  i^l. 
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APPENDIX. 

Practice  of  Differbnt  Countries. 

In  the  following  pages  are  grouped  some  of  the  essential  data 
relative  to  the  progress  of  different  countries  in  this  particular  direc- 
tion for  preventing  the  spread  of  infectious  diseases. 

For  a  portion  of  this  information  the  writer  is  indebted  to  Dr.  Palm- 
berg's  recent  work  entitled  <^  Public  Health  in  its  Applications  in 
Different  European  Countries." 

England. 

Memoranda  of  the  Local  Government  Board  of  England. 

Begulations  cm  to  Hospitals  (Memorandum  on  Hospital  Accommodation), 
—  Means  for  separating  the  sick  from  the  healthy  should  always  be  pro- 
Tided.  When  two  contagious  diseases  break  out  at  the  same  time,  they 
should  each  be  separately  isolated. 

In  towns,  and  for  several  villages  of  smaller  size,  there  should  be  pro- 
vided at  least  two  special  wards  with  four  beds  in  each,  in  order  that  the 
sick  may  be  isolated  from  the  commencement.  Such  a  very  small  infirmary 
would  be  very  valuable  for  arresting  the  progress  of  an  epidemic. 

Fig.  1  represents  a  very  simple  type  of  hospital,  having  one  ward  for 
each  sex,  with  the  necessary  annexa.  This  plan  accompanies  the  memo- 
randum of  the  Local  Government  Board. 

Fig.  2  represents  two  sections  of  the  same  building,  the  one  to  the  left 
having  simple  walls  and  serving  for  summer  rooms ;  the  one  to  the  right 
having  double  walls  is  a  permanent  structure.  At  the  base  of  the  external 
walls  are  openings  for  the  admission  of  fresh  air,  seen  on  the  front  of  the 
elevation  (Fig.  1).  In  the  roof  are  other  openings  for  the  escape  of  foul 
air,  but  chimneys  or  special  tubes  are  the  best  for  this  purpose. 

In  rural  districts  without  a  hospital,  a  trustworthy  "married  couple  with- 
out children  may  be  charged  with  the  isolation  and  care  of  cases  of  infec- 
tions disease.  In  the  event  of  a  more  serious  epidemic,  several  lodgings 
may  be  hired  for  the  sick,  or  Ihey  may  be  isolated  in  temporarily  erected 
tents  or  barracks. 

Fever  hospitals  in  urban  districts  ought  to  have  one  bed  for  every  1,000 
inhabitants.  In  manufacturing  towns  with  a  very  dense  population,  this 
proportion  ought  to  be  even  greater ;  while  in  wealthy  and  less  dense  towns, 
with  hoQses  of  a  good  class,  one  bed  for  every  2,000  inhabitants  may  suffice. 

Permanent  fever  hospitals  are  built  on  the  system  of  separate  pavilions. 
There  must  be  at  least  four  wards  for  patients,  as  well  as  a  pavilion  for 
administration. 
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Sick  wards  can  be  arranged  in  pavilions  connected  in  pairs,  as  shown  in 
Fig.  3,  which  is  taken  from  the  memorandum  of  the  Local  Government 
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Board.     The  dotted  lines  in  this  figure  show  how,  as  the  population  in- 
creases, the  permanent  hospital  can  be  enlarged. 
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The  minimum  distance  between  the  pavilions  should  be  thirty  feet. 
Fig.  4  shows  another  arrangement  of  sick  wards  which  is  preferable 
when  sufficient  ground  is  available. 
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The  sick  wards  may  also  be  placed  on  different  stories  of  the  same 
pavilion. 

Two  of  them,  one  for  each  sex,  are  reserved  for  persons  suffering  from 
the  same  infectious  disease. 

All  the  wards  should  be  kept  separate,  and  independently  warmed  and 
ventilated.     To  facilitate  the  work  of  the  staff  a  corridor  connects  all  the 
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in  eAch,  liwklory  And  b^th-poom  («,*)  next  the  copfidoi*;  cloeeta^nd  einke 
(e,rf)  At  obhef  end.8ep».iM<ted  from  WAfd  by  a  cross Vcnti  i^ted 
coi*i»ido^. 
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pavilions.  The  latter  should  be  so  placed  that  the  air  can  circulate  freely 
between  them.  The  space  between  the  pavilions  should  be  at  least  one  and 
a  half  times  as  great  as  the  height  of  each  pavilion ;  and  if  a  pavilion  is 
intended  for  small-pox,  the  distance  should  be  still  greater.  It  is  prefer- 
able to  place  small-pox  in  an  entirely  separate  building  as  remote  as  possi- 
ble from  all  other  buildings. 

In  wards  for  infectious  diseases  there  should  be  openings  for  admission 
of  fresh  air  between  each  bed,  a  little  above  the  floor,  so  that  pure  air 
bathes  the  patient's  bed.  They  should  be  furnished  with  a  grooved  fasten- 
ing, so  that  the  admission  of  air  can  be  graduated.  The  openings  for 
extraction  of  foul  air  should  be  near  the  ceiling,  and  as  remote  as  possible 
from  those  admitting  fresh  air.  They  should,  unless  entering  into  the 
chimney-breast,  be  caiTied  vertically  to  the  roof  and  be  provided  with  an 
aspirating  cowl. 

Memorandum  of  Am^mlances. 

For  the  conveyance  of  patients  who  are  sick  with  infectious  disease,  spe- 
cial carriages  or  ambulances  are  necessary.  The  following  points  have  to 
be  attended  to  in  the  provision  and  use  of  such  carriages  :  — 

1.  If  the  ambulance  be  intended  only  for  journeys  of  not  more  than  a 
mile,  it  may  be  made  so  as  to  be  earned  between  two  people,  or  it  may  be 
on  wheels  and  to  be  drawn  by  hand.  If  the  distance  be  above  a  mile,  the 
ambulance  should  be  drawn  by  a  horse.  Every  ambulance  on  wheels  should 
have  easy  carriage  springs. 

2.  In  the  construction  of  an  ambulance,  special  regard  should  be  had 
to  the  fact  that  after  each  use,  it  has  to  be  cleansed  and  disinfected.  The 
entire  interior,  and  the  bed-frame  and  bed,  should  be  of  materials  that  can 
be  washed. 

3.  The  ambulance  should  be  such  that  the  patient  can  lie  at  fall 
length  in  it;  and  the  bed-frame  and  bed  should  be  movable,  so  that 
the  patient  can  be  arranged  upon  the  bed  before  being  taken  out  of  his 
house. 

4.  With  an  ambulance  there  should  always  be  a  person  specially  in 
charge  of  the  patient ;  and  a  horse  ambulance  should  have  a  seat  for  such 
person  inside  the  carriage. 

5.  After  every  use  of  an  ambulance  for  infectious  disease,  it  should  be 
cleansed  and  disinfected  to  the  satisfaction  of  a  medical  officer. 

6.  Both  in  very  populous  districts,  and  in  districts  which  are  of  very 
wide  area,  it  may  often  happen  that  more  than  one  ambulance  will  be 
wanted  at  one  time ;  and  in  any  district,  if  more  than  one  infectious 
disease  is  prevailing,  there  will  be  an  evident  sanitary  advantage  in  having 
more  than  one  ambulance  for  use. 


No.  34.]  ISOLATION  HOSPITALS.  721 

Rules  for  Hospitals  for  Infectious  Diseases. 

1.  The  medical  officer  is  the  responsible  superintendent  of  the  estab- 
lishment. It  is  his  duty  to  visit  the  hospital  even  at  times  when  there  are 
DO  patients,  to  ensure  that  the  matron  and  nurse  are  at  their  post,  and  that 
everything  is  ready  for  the  reception  of  patients. 

2.  The  matron  and  head  nurse  ought  to  maintain  the  greatest  cleanli- 
ness and  to  see  that  the  beds  are  well  aired,  conveniently  arranged,  and 
always  ready  to  receive  patients.  They  ought  also  to  keep  the  inventory 
of  everything  belonging  to  the  hospital.  They  are  forbidden  to  absent 
themselves  together  without  express  authority.  They  must  carry  out  the 
orders  of  the  doctor  and  be  responsible  for  the  conduct  of  the  staff  and  the 
nurses. 

3.  The  matron  (or  steward,  if  there  is  one,  as  in  large  hospitals)  must 
be  prepared  monthly  to  present  the  books  of  accounts  to  the  sanitary 
authority. 

Instructions  for  Nurses^  Patients  and  Visitors. 

1.  Every  applicant  for  admission  to  a  hospital  should  have  a  medical 
certificate  of  the  disease  from  which  he  is  suffering. 

2.  A  patient  can  be  attended  by  a  doctor  of  his  own  choice  other  than 
the  medical  officer  of  the  hospital  at  his  own  cost. 

3.  No  person  is  admitted  to  the  hospital  without  the  permission  of  the 
medical  officer. 

4.  No  patient  is  permitted  to  leave  the  hospital  until  discharged  by  the 
medical  officer. 

5.  The  patient's  clothes  must  be  disinfected  before  being  given  up  to 
him  at  his  discharge. 

6.  Officers  and  servants  of  the  hospital  are  not  allowed  to  leave  the 
hospital  without  authority  of  the  medical  officer;  aud  they  must  first 
change  their  clothes. 

The  following  table  contains  some  of  the  most  essential  data  relative  to 
several  of  the  hospitals  embraced  in  Dr.  Thome's  report.  Values  are 
expressed  approximately,  in  United  States  equivalents,  instead  of  English 
money. 
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Glasgow. 

The  following  description  is  quoted  from  the  ofiScial  report  of  the  trastees 
of  the  Glasgow  Fever  Hospital :  — 

''The  grounds  possess  great  natural  beauty,  rising  gently  as  you 
approach  the  Clyde,  where  they  are  broken  by  three  small  glens,  once  the 
beds  and  sloping  banks  of  three  streams.  The  whole  estate  is  well  wooded, 
especially  along  the  avenue  and  western  boundary,  where  the  rooks  have 
recently  established  themselves  in  the  tops  of  the  old  beeches.  The  con- 
valescents are  allowed  to  wander  at  will  over  the  many  beautiful  walks,  and 
in  the  summer  it  is  one  of  the  most  pleasant  sights  to  see  the  children  roll- 
ing about  on  the  grassy  slopes  of  the  glens,  and  the  seats,  placed  here  and 
there,  occupied  by  groups  of  people  who  for  the  first  time  in  the  lives  of 
many  are  tasting  of  the  sweets  of  Nature.  At  the  rear  of  the  fever  hospi- 
tal several  acres  are  laid  out  as  a  flower  garden,  with  a  greenhouse,  from 
which  the  wards  are  supplied  with  potted  plants.  Flower  plots  are  dis- 
tributed here  and  there  between  the  pavilions  and  in  other  open  spaces. 
At  a  distance  of  some  four  miles  southward,  the  wooded  heights  of  the 
Cathkia  Hills  close  in  the  horizon." 

''  The  whole  buildings,  except  that  occupied  by  the  medical  and  nursing 
staff  and  matron,  are  built  of  brick.  The  wards  are  distributed  in  pairs, 
in  thirteen  totally  isolated  pavilions,  all  running  north  and  south.  They 
are  sixty  feet  apart  laterally,  and  are  placed  in  rows  of  two,  three,  four  and 
five,  in  succession  from  the  bank  overlooking  the  Clyde  towards  London 
Road.  They  have  thus,  to  one  standing  in  their  midst,  the  appearance  of 
a  large,  uniformly  laid-out  village.  Each  pavilion  is  only  one  story  in 
height,  with  a  well-ventilated  basement  beneath,  so  that  the  level  of  the 
ward  is  reached  by  a  flight  of  steps.  The  two  rows  of  four  pavilions  are 
separated  by  a  range  of  buildings  running  east  and  west,  the  centre  of 
which  contains  the  kitchen,  one  story  in  height,  and,  like  the  pavilions, 
open  to  the  roof.  At  either  end  there  is  another  story,  the  eastern  accom- 
modating various  stores  and  the  dispensary ;  the  western,  the  under  ser- 
vants' rooms.  At  London  Road  there  is  a  main  lodge  controlling  to  the 
west  the  entrance  to  the  small-pox  hospital,  and  to  the  east,  the  approach 
to  the  fever  hospital.  At  the  south  end  of  this  approach  is  the  fever  lodge 
and  enquiry  rooms  for  patients'  friends,  with  the  Dorcas  Society's  stores  in 
an  attic  story,  and  running  north  along  the  avenue,  the  morgue,  with  room 
for  funeral  parties,  with  entrance  from  the  road  so  that  hearses,  etc.,  do 
not  come  within  the  hospital  enclosure.  Just  inside  this  gate  is  the  washing- 
house  and  laundry,  with  the  suite  of  steam  boilers  to  the  south,  a  cremator 
for  soiled  beds,  and  the  central  coal  depot.  The  boilers  are  three  in  num- 
ber, double-flued,  and  in  size  seven  feet  six  inches  by  twenty-six  feet  four 
inches.  Further  south  are  a  smithy,  carpenters'  shop  and  fire-engine 
station.     Southwestward,  some  forty  yards,  are  the  stables,  ambulance 
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shed,  etc.  Still  westward  is  a  large  three-story  stone  block,  erected  on  the 
site  of  the  old  mansion  house,  containing  eighty-four  single  bed-rooms  for 
nurses,  with  recreation  rooms  on  each  flat.  These  occupy  the  lateral  wings, 
while  the  centre  is  reserved  for  the  matron  and  medical  staff.  In  front  of 
this  building  there  is  a  spacious  lawn,  with  tennis  court,  bounded  south- 
wards towards  the  Clyde  by  a  sloping  bank  planted  with  trees." 

'^  There  are  three  hundred  beds  on  the  scale  of  2,000  cubic  feet  for  adults ; 
but  as  a  large  proportion  of  the  patients  are  children,  for  whom  1,200  feet 
is  sufficient,  a  much  larger  number  of  patients  can  be  accommodated.  The 
dimensions  of  every  pavilion  and  ward  are  exactly  the  same ;  but  as  they 
were  erected  at  different  times,  sundry  little  but  important  differences 
exist.  The  two  southern  pavilions  were  built  last,  and  the  description  of 
one  will  suffice.  It  has  a  basement  eight  feet  from  ground  to  floor  level. 
The  outside  length,  from  end  to  end,  is  one  hundred  and  sixty-eight  feet; 
the  outside  breadth,  twenty-six  feet ;  the  height,  from  ground  level  to  ridge 
of  roof,  thirty-two  feet.  There  are  two  wards,  each  divided  into  a  conva- 
lescent and  acute  ward.  A  flight  of  steps  on  both  sides  gives  access  to  a 
vestibule,  from  which,  on  one  hand,  are  the  entrances  to  these  subdivisions, 
while,  on  the  opposite  side,  is  the  pantry,  opening  directly  off  the  passage, 
and  a  lobby,  to  the  left  of  which  are  the  bath-room  and  water-closet,  and 
to  the  right  a  steep-room  for  soiled  linen,  these  last  being  farthest  from  the 
wards.  All  these  appurtenances  are  therefore  completely  isolated  in  a  pro- 
jecting annex.  The  entrance  and  annex  of  each  ward  are  on  opposite  sides 
of  the  pavilion.  On  the  side  opposite  to  the  entrance  of  the  acute  ward  is 
a  nurse's  duty  room,  where  there  is  a  ^  poison  press '  and  a  napery  press, 
with  chairs  and  a  table.  The  front  projects  into  the  ward  with  sloping 
roof  and  glass  sides,  giving  a  full  view  of  the  ward.  The  internal  dimen- 
sions are  as  follows :  acute  ward,  length,  56  feet  8  inches ;  convalescent 
ward,  length,  24  feet.  In  both  the  breadth  is  22  feet ;  the  height  to  the 
wall  head,  14  feet  6  inches ;  to  the  roof  tree,  28  feet  9  inches.  The  floor- 
age  of  the  acute  ward  is  1 ,287  square  feet ;  of  the  convalescent,  528  square 
feet.  The  total  cubic  contents  of  the  acute  ward  are  28,500  cubic  feet;  of 
the  convalescent  ward,  10,000.  The  number  of  adult  beds  is  eleven  for 
the  acute  and  four  for  the  convalescent  ward ;  but  in  the  case  of  children 
twenty  cribs  are  allowed." 

^'  All  the  flooring  of  the  wards  is  of  Dantzic  oak,  waxed.  The  vestibule 
and  annex  are  laid  with  tiles.  The  walls  are  coated  with  Keene's  cement. 
Some  wards  are  oil-painted  and  varnished,  but  the  more  recent  are  treated 
with  light  blue  or  green  distemper,  which  can  frequently  be  renewed.  All 
the  woodwork  is  varnished.  Care  is  taken  to  avoid  flat  surfaces  giving 
lodgment  for  dust.  The  principal  rafters  are,  therefore,  of  light  T  iron, 
and  the  tiles  of  thin  rod  iron." 

^'  The  heating  is  by  hot  water  circulating  in  pipes  which  are  led  round  the 
walls  above  the  floor.    This  is  derived  from  two  hot-water  tanks  heated 
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by  steam,  and  placed  beneath  the  entrance  hall  of  each  ward,  to  which 
access  is  obtained  from  the  oatside  by  a  stair  leading  to  the  basement. 
There  are  also  open  fires  at  either  end  of  each  ward.  Pavilions  with 
numerous  windows  and  open  to  the  roof  are  very  difficult  to  warm  sufiS- 
ciently  during  winter.  Experience  at  Parliamentary  Road  soon  showed 
that  it  would  be  necessary  to  check  radiation  by  the  large  glass  area,  and 
accordingly  the  device  of  double  glazing  each  pane  with  an  interval  of 
three-quarters  of  an  inch  of  air  space  was  adopted.  The  wards  at  Belvi- 
dere  are  kept  at  55°  to  60°  in  the  coldest  weather.  There  are  heating  coils 
in  the  vestibule  and  bathroom." 

^'  Fresh  air  is  admitted  by  direct  openings  beneath  the  windows,  which  are 
numerous,  so  that  it  passes  over  the  heating  pipes.  These  openings  are 
controlled  by  an  arrangement  which  admits  of  gradation,  and  cannot  be 
interfered  with  except  by  the  nurse.  There  are  skylights  on  opposite  sides 
of  the  slope  of  the  roof,  Boyle's  ventilators  fixed  on  the  ridge,  and  venti- 
lating shafts  alongside  the  chimneys,  with  openings  controlled  by  movable 
louvres  and  the  apex  of  the  roof." 

^^  The  principles  kept  in  view  in  furnishing  are  simplicity,  smooth  surfaces 
and  facility  of  removing  and  cleaning.  The  bedsteads  are  wrought  iron, 
the  tables  and  chairs  hardwood,  varnished.  In  the  children's  wards,  iron 
cribs  are  provided,  and  pigmy  forms  and  tables  suited  to  their  size.  All 
cupboards,  presses,  etc.,  are  movable  on  iron  rollers,  like  American  trunks. 
The  mattresses  are  stuffed  with  straw,  the  pillows  with  chaff.  They  are 
renenred  for  every  new  patient  and  whenever  soiled.  "Wood  wool  was 
recently  tried  as  a  substitute  for  straw,  but  was  found  speedily  to  break 
down,  and,  on  account  of  the  consequent  expense  and  larger  quantity  and 
more  frequent  renewal,  was  not  adopted." 

^'  The  nurses  are  graded  in  three  classes —  probationers,  nurses  and  head 
nurses.  After  a  year's  probation,  during  which  she  attends  lectures  on 
fever  nursing  given  by  the  assistant  physicians,  the  probationer  is  sub- 
mitted to  a  written  and  viva  voce  examination.  If  she  passes  satisfactorily, 
she  gets  a  '  Certificate  of  Proficiency  in  Fever  Nursing,'  first,  second  or 
third  class,  signed  by  the  physician  superintendent,  and  becomes  a  nurse. 
The  wage  of  a  probationer  is  £18,  and  advances  gradually  to  £30,  al^ 
getting  two  uniform  suits  per  annum  for  ward  use  alone.  To  work  a 
purely  pavilion  hospital  such  as  Belvidere,  all  its  parts  distributed  over  a 
large  area,  and  to  maintain  the  large  extent  of  fiower  garden  and  pleasure 
ground  attached,  requires  a  large  staff.  The  distribution  of  coals  is  done 
by  an  open  lorry«  on  which  all  the  coal-boxes  are  placed  and  driven  round 
the  wards.  The  food  is  distributed  by  a  covered  van,  divided  into  com- 
partments, each  of  which  holds  the  allowance  for  a  ward.  The  ashes  are 
collected  daily  from  portable  circular-covered  ashbins  countersunk  in  the 
ground  adjacent  to  each  ward,  an  arrangement  which  combines  convenience 
and  perfect  sightliness  and  inoffensiveness.    The  whole  institution  is  under 


nesB  of  the  hoepital  by  a  bouBe  steward,  and  in  the  medical  charge  bj  two 
permaneat  medical  asBietaots.  Tbeee  are  supplemented,  as  occasioa  re- 
quires, by  extra  aasistantB.  In  fact,  there  are  seldom  less  than  three 
aasiBtants,  and  Danally  in  the  autumn  and  winter  there  are  foar  or  five. 
These  appointments  are  in  great  request  among  the  best  students  of  the 
Glasgow  school.  They  are  only  given  to  qualified  men,  and  by  preference 
to  Buch  as  have  been  bouse  surgeons  in  either  of  our  inflrmaries.  Tbej 
remain  from  one  to  two  years.  The  present  physician  saperintendent, 
Dr.  J.  W.  Allan,  was  appointed  in  August,  1875,  and  has  contribated 
much  by  hiB  urbanity,  good  management  and  rich  experience  to  win  and  to 
retain  the  confidence  which  Belvidere  undoubtedly  poBsesses  both  with  the 
profession  and  the  pnblio." 

"  In  calculating  the  cost  of  treatment,  the  expenditure  on  the  small-pox 
hospital  is  always  thrown  in  with  that  on  the  fever  hospital.  There  having 
been  only  rare  and  isolated  cases  of  small-pox  for  some  years,  120  beds 
have  been  constantly  used  for  scarlet  fever,  and  only  one  pavilion,  barri- 
caded off  with  the  whole  administrative  buildings,  for  small-pox.  A  small 
staff  is  m^ntained  there.  The  last  financial  year  for  which  the  accounts 
are  made  up  (June  1,  1886,  to  May  31,  1887)  may  be  taken  as  an  illostra' 
tion  of  the  expenditure,  number  and  nature  of  cases  treated,  etc.  There 
was  not  a  single  case  of  small-pox  treated,  but  £553  were  expended  in  the. 
small-pox  hospital;  £15,945  in  the  fever  hospital;  '2,790  cases  were 
treated,  including  1,270  cases  of  scarlet  fever,  504  of  measles,  204  of 
enteric  fever,  176  of  whooping-cough,  87  of  typhus,  134  of  erysipelas, 
diphtheria,  chicken-pox  and  puerperal  fever,  the  balance  being  made  up  of 
nursing  mothers  and  cases  of  mistaken  diagnosis.  The  average  residence 
over  all  was  43.3  days  (which  is  high,  owing  to  the  regulation  residence 
being  eight  weeks  for  scarlet  fever)  ;  the  average  daily  number  of  patients, 
332 ;  the  average  cost  of  treatment  per  patient,  £5  18s.  This  does  not  in- 
clude intereBt  on  capital  expended  in  building  and  furnishing  hospitals,  but 
does  include  ground,  annual  and  all  current  expenditure  in  maintaining  the 
whole  estate  and  working  the  hospitals.  Taking  one  year  with  another, 
the  average  mortality  is:  for  typhus,  13  per  cent.;  enteric  fever,  13  per 
cent. ;  scarlet  fever,  12  per  cent. ;  measles,  5  per  cent. ;  whooping-cough, 
12  per  cent. ;  and  over  all  cases,  10  per  cent." 

*'  In  the  northeast  comer  of  Belvidere  estate,  the  central  washing  and  dis- 
infecting establishment  for  the  city  is  situated,  occupying  an  area  of  2,500 
square  yards.  In  those  times  when  the  treatment  of  infectious  diseases 
was  left  to  the  Royal  Infirmary,  whatever  disinfection  was  carried  oul  at 
the  houses  of  the  patients  was  also  performed  by  the  directors.  In  their 
annual  report  for  1824  they  refer  to  this  fact.  The  first  washing-house 
established  by  the  authorities  was  a  small  place  with  a  few  tubs  in  a  close 
off  the  High  Street.  \  This  was  opened  in   1864.     When  Belvidere  wa^ 
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acquired,  half  of  the  existing  fever  hospital  washing-house  was  reserved 
for  this  purpose.  This  soon  proved  inadequate,  and  the  present  separate 
establishment  was  finished,  in  1883,  at  a  cost  of  £8,400.  It  is  essentially 
a  washing-house,  fitted  up  with  the  best  mechanical  appliances,  to  which 
the  articles  to  be  treated  are  driven  bj  a  service  of  vans.  There  is  a  Lyons 
disinfector,  in  which  mattresses,  clothing,  etc.,  which  cannot  be  washed, 
are  disinfected,  a  cremator  for  burning  straw,  chaff,  wool,  flock  and  other 
articles,  ^  whose  end  is  to  be  burned,'  and  a  carpet-beating  machine.  It 
has  just  been  resolved  to  spend  £800  in  improving  the  arrangements,  and 
especially  in  adding  appliances,  devised  by  the  sanitary  inspector,  for 
treating  everything  which  is  ultimately  to  be  washed  with  a  solution  of 
bichloride  of  mercury,  which,  it  is  expected,  will  make  the  articles  innocu- 
ous before  passing  them^on  to  the  washers.  On  an  average,  1,000  articles 
per  day  are  treated  in  one  way  or  another." 

'^  The  hospitals,  the  washing-house,  and  the  sanitary  office  in  the  city  are 
all  in  telephonic  connection." 

Germany. 

The  following  regulations  pertain  to  the  organization  of  hospitals  for 
infectious  diseases  in  Germany. 

A.  The  building  must  be  isolated  and  situated  in  an  open  space,  if  pos- 
sible, away  from  inhabited  quarters,  but  at  such  a  distance  that  the  patients 
may  be  taken  to  it  without  difiSculty  or  distress. 

B.  There  must  be  no  communication  between  the  hospital  and  its  sur- 
roundings, and,  where  necessary,  complete  isolation  must  be  established. 

C.  The  beds  must  be  separated  by  at  least  seventy-five  to  ninety  centi- 
meters and  each  patient  allowed  fourteen  cubic  meters  of  space.  (These 
requirements  would  hardly  meet  the  demands  of  modem  hospital  hygiene.) 

Convalescents  are  placed  by  themselves.  Hospitals  must  be  provided 
with  spare  wards  so  that  the  occupied  wards  may  be  vacated  from  time  to 
time  and  carefully  purified.* 

D.  The  air  of  the  hospital  must  be  kept  fresh  and  pure.  The  furniture 
must  be  kept  perfectly  clean,  as  well  as  the  rooms. 

E.  The  clothing  of  the  patients  must  be  separately  stored  and  carefully 
disinfected  before  it  is  returned  to  them. 

F.  Convalescents  must  be  isolated  till  they  leave  the  hospital. 

Berlin. 

Hospitals  for  Isolation. 

At  Berlin  the  preventive  measures  against  infectious  diseases  are  organ- 
ized according  to  the  regulations  in  force  thi'oughout  the  Empire. 

A  large  hospital  for  isolation  has  been  built  by  the  corporation,  com- 
posed of  twenty-four  detached  pavilions  of  one  story,  with  an  additional 
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building  for  emergencies.  A  space  is  reserved  for  the  constmction  of  six 
additional  pavilions. 

This  hospital  (das  stadtische  Krankenhaus  Moabit)  is  situated  in  a  space 
nearly  open  on  all  sides  on  the  Moabit  quarter,  near  to  the  public  park,  and 
small  Thiergarten.  The  ground  has  the  form  of  an  elongated  rectangle. 
Pavilions  are  built  on  the  long  sides  facing  east  and  west.  The  distance 
between  each  is  seventeen  meters,  and  the  two  sides  are  separated  bj 
sixty*four  metres.  The  intermediate  space  is  occupied  by  lawns,  groups 
of  trees  and  shrubs. 

The  buildings  cover  a  surface  of  10,000  square  meters,  of  which  6,432 
are  occupied  by  buildings;  the  grounds,  mortuaries,  etc.,  take  up  the  re* 
mainder. 

Each  pavilion  contains  a  ward  28.25  meters  in  length,  6.90  meters  in 
width,  and  3.14  meters  in  height.  Each  contains  thirty  beds  —  too  many 
in  a  hospital  for  infectious  diseases,  as  that  allows  only  twenty-seven  cubic 
meters  for  each  patient.  The  ward  is  lighted  by  windows  in  the  side  walls, 
one  being  placed  between  every  two  beds. 

The  materials  employed  in  the  construction  are  blocks  of  wood  interca- 
lated with  bricks.  The  inside  walls  are  lined  with  boai'ds  painted  in  oil  a 
bright  color.     The  floor  is  formed  of  a  bed  of  concrete. 

There  are  no  ceilings.  The  roof  is  composed  of  a  double  layer  of  boards, 
painted  in  oil  inside  and  covered  outside  with  millboard  saturated  with 
asphalt. 

A  skylight  runs  along  the  middle  of  the  roof  with  lateral  apertures, 
which  may  be  opened  and  shut  from  within. 

A  vestibule  at  one  end,  traversed  by  the  entrance  corridors,  comprises  on 
its  right  side  servants'  rooms  and  the  dispensary,  and  on  the  left,  the  bath- 
room, linen-room  and  water-closets.     All  these  rooms  have  boarded  floors. 

The  heating  is  effected  by  means  of  steam-pipes  connected  with  a  boiler, 
which  also  serves  for  the  kitchen  and  laundry.  A  large  steam-pipe  runs  in 
a  subterranean  trench  in  front  of  the  pavilions,  sending  a  branch  to  each, 
which  is  subdivided  into  several  pipes  for  warming  the  rooms  and  heating 
water  for  the  bath-room.  Three  steam-pipes,  two  to  the  north  and  one  to 
the  south,  run  above  the  floor  at  a  height  of  0.30  meters ;  they  are  provided 
with  taps  for  the  regulation  of  the  temperature.  The  condensed  water 
returns  to  the  boiler  by  a  pipe. 

Ventilation  is  very  simply  managed.  Fresh  air  is  introduced  by  means 
of  fourteen  openings,  each  eighteen  centimeters  wide,  made  in  the  walls  of 
each  ward  at  the  same  height  as  the  steam-pipes,  which  warm  the  air  as  it 
enters.     The  impure  air  escapes  by  the  lateral  apertures  above. 

The  rooms,  etc.,  are  lighted  with  gas ;  the  lamps  are  hung  below  the 
skylight,  and  assist  in  the  ventilation. 

The  pavilion  for  special  isolation  attached  to  the  hospital  is  similarly 
constructed  and  measures  15.67  meters  in  length  by  8  meters  in  width,  and 
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8.64  meters  ia  height.  It  contains  three  rooms  separated  from  one  another, 
each  having  three  beds.  A  covered  veranda,  2.30  meters  in  height,  runs 
along  the  front.     Large  doors  at  each  end  set  up  a  current  of  fresh  air. 

Eleven  casements  are  placed  in  front  of  the  veranda  near  the  roof, 
which  are  removed  during  the  summer. 

A  water-closet  is  provided  for  each  room,  placed  in  a  vestibule,  and 
abutting  on  an  outside  wall,  being  perfectly  ventilated  and  separated  from 
the  ward  by  an  ante-chamber. 

Each  of  the  wards  has  a  roof  of  a  pyramidal  form,  at  the  top  of  which  is 
a  ventilating-pipe  surmounted  with  a  Wolpert  aspirator.  The  floors  are 
made  of  brick  covered  with  Metlach  mosaic. 

Heating  is  effected  by  steam  introduced  into  hot-air  stoves,  placed  in  the 
middle  of  the  floor,  and  so  constructed  that  the  heat  can  be  regulated. 
The  stoves  are  surrounded  with  an  iron  jacket. 

Fresh  air  is  supplied  to  the  apparatus  by  a  trench  in  masonry  under  the 
floor,  and  is  warmed  in  passing  between  the  stove  and  the  jacket.  The 
impure  air  escapes  partly  by  the  ventilating  pipe  in  the  roof,  partly  by 
other  pipes  adjoining  a  small  tower  in  the  ceiling  of  the  veranda,  in  which 
are  placed  water-cisterns  for  the  baths. 

The  rooms  may  also  be  heated  by  steam-pipes. 

At  one  end  of  the  veranda  is  a  small  enclosed  room,  into  which  linen 
for  the  wash  is  thrown  through  a  trap-door ;  it  Is  taken  away  by  a  door 
communicating  with  the  open  air. 

There  is  a  place  for  disinfection  in  the  establishment  through  which  the 
linen  is  passed. 

When  no  epidemic  prevails,  part  of  the  hospital  is  given  up  to  ordinary 
patients.  It  is,  however,  considered  preferable  to  nurse  the  latter  in  the 
stadtische  allgemeine  Krankenhaus  Friedrichshain,  which  is  a  splendid 
hospital  built  in  pavilions,  four  of  which  have  one  story  and  six  two  stories. 
There  are  also  two  pavilions  for  isolation  with  two  stories  and  another  of 
one  story  exclusively  reserved  for  diphtheritic  patients. 

In  the  department  for  isolation  each  adult  is  allowed  a  space  of  flfty- 
seven  to  sixty  cubic  meters,  and  each  child  thirty-one  to  forty-two  cubic 
meters. 

The  pavilion  for  diphtheria  is  warmed  by  steam,  but  the  general  method 
is  a  combination  of  heating  by  means  of  hot- water  apparatus  connected 
with  the  ventilation.  Each  ward  has  also  chimneys  open  in  the  summer 
and  autumn. 

In  order  to  assist  ventilation  the  smoke-pipes  pass  through  the  ventilating 
shaft. 

The  removal  of  persons  suffering  from  infectious  diseases  is  entrusted  to 
contractors  charged  with  the  maintenance  of  the  necessary  carriages,  the 
use  of  public  carriages  being  forbidden  to  such  patients  in  virtue  of  an 
official  order  of  the  7th  of  February,  1887. 
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Paris. 

19  o  satisfactory  system  for  the  treatment  of  persons  sick  with  infectious 
diseases  in  hospitals  specially  designed  for  this  purpose  has  yet  been 
effected,  but  a  commission  was  appointed  to  investigate  the  subject,  and 
reported  in  June,  1887,  to  the  municipal  council.  Thus  far,  persons  at- 
tacked with  infectious  diseases  have  been  received  into  all  hospitals,  except 
small-pox  patients,  who  were  only  admitted  to  the  hospitals  of  Saint  Louis 
and  Saint  Antoine,  which  had  isolated  buildings  for  their  accommodation. 
In  the  other  hospitals  the  infected  are  also  isolated,  but  experience  has 
proved  that  the  measures  taken  for  that  purpose  have  not  been  effectual, 
and  it  too  often  happens  that  infection  is  propagated  within  these  estab- 
lishments. Statistics  also  show  that  there  has  been  an  increase  in  the 
deaths  from  infectious  diseases  in  Paris,  while  they  have  sensibly  dimin- 
ished in  other  cities  where  isolation  is  better  organized. 

There  is  a  station  at  the  Hotel  Dieu  in  connection  with  the  transport  of 
infectious  cases,  in  which  are  kept  two  horses,  two  carriages  and  a  driver. 
When  any  person  ill  with  a  contagious  disease  requires  to  be  taken  to  the 
hospital,  notice  is  sent  to  the  nearest  police  station,  whence  it  is  transmitted 
to  the  Prefecture,  who  then  sends  orders  to  the  Hotel  Dieu.  The  disinfec- 
tion of  carriages  is  prescribed  by  the  regulations,  but  this  duty  is  left  to 
the  driver,  without  supervision. 

The  plan  already  mentioned  provides  for  two  ambulance  stations,  one  on 
the  right  bank  of  the  Seine,  near  the  Hospital  of  St.  Antoine,  and  the  other 
on  the  left  bank,  near  the  Hospital  for  Sick  Children.  Each  of  these  sta- 
tions is  to  have  twelve  carriages  for  removal  of  the  sick.  Two  will  be 
reserved  for  small-pox,  two  each  for  measles,  diphtheria,  scarlet  fever  and 
typhoid  fever,  and  the  last  two  will  be  reserved  for  other  diseases  — 
whooping-cough,  erysipelas,  etc.  The  carriages  used  for  one  disease  are 
never  to  be  used  for  another.  Each  coach-house  must  be  divided  into  six 
compartments  in  order  to  prevent  mistakes.  The  stable  will  be  arranged 
for  six  horses,  though  it  will  not  be  necessary  to  keep  more  than  two  in 
them  under  ordinary  circumstances. 

A  certain  number  of  nurses  will  be  assigned  to  each  ambulance  to  ac- 
company the  patients.  They  will  live  in  the  adjoining  hospital  and  give 
their  services  in  turn. 

The  staff  of  the  station  will  consist  of  a  chief  officer,  two  coachmen,  one 
of  whom  must  be  married,  and  a  servant,  who  may  be  the  wife  of  the  lat- 
ter. All  these  persons  will  live  on  the  premises,  and  the  staff,  as  well  as 
the  nurses,  will  be  boarded  there.  The  estimated  cost  of  construction  of 
each  station  is  about  $14,000,  and  that  of  each  carriage  about  $500.  Each 
is  to  be  provided  with  a  seat  for  the  nurse,  near  the  pillow  of  the  patient, 
and  a  drawer  for  clothes  and  linen.  After  each  journey  the  carriage  is  to 
be  thoroughly  washed.  The  stations  are  to  be  connected  by  telephone 
with  the  Relief  Board  and  the  Prefecture. 
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As  a  part  of  this  general  plan,  four  hospitals  are  to  be  erected  near  the 
gates  at  the  entrance  of  the  city.  Two  will  be  devoted  to  small-pox,  and 
one  each  to  diphtheria  and  to  measles.  The  first  are  designed  for  seventy 
beds  in  each.  The  plan  provides  for  reserving  a  plat  of  ground  near  by, 
80  that  in  case  of  need  supplementary  pavilions  may  be  constructed  with 
accommodations  for  more  than  eighty  more  patients.  This  ground  is  to  be 
levelled,  covered  with  asphalt  and  drained,  so  that  temporary  buildings  can 
be  put  up  in  a  few  days.  If  further  accommodation  is  required,  it  is  pro- 
posed to  build  a  hospital  for  convalescents  at  Creteil,  southwest  of  Paris, 
on  ground  belonging  to  the  Relief  Board. 

A  hospital  for  diphtheria  also  forms  a  part  of  the  plan,  to  be  erected 
near  Bicdtre,  at  the  south  end  of  the  city. 

The  following  figures  show  the  special  need  for  arresting  the  progress  of 
diphtheria  and  measles  in  Paris  :  — 

Mean  Deaih-rcUefrom  Diphtheria  per  lOfiOO  InhabitanU^  Paris, 

From  1866 101869, 4.82 

1870  to  1874, 4.72 

1876  to  1879, 8.88 

"      1880  to  1884, 9.26 

"      1886  to  1887, 7.68 

Mean  Death-^rate  front  Measles  per  lOfiOO  Inhabitants,  Paris. 

From  1866  to  1869, 8.18 

"      1870  to  1874, 8.35 

*«      1876  to  1879, 8.72 

1880  to  1884, 4.90 

1886  to  1889, 6.71 


u 
«« 


u 
«c 


Scarlet  fever  does  not  appear  to  have  found  a  congenial  soil  in  Paris, 
the  average  mortality  per  10,000  from  this  cause  being  but  0.9  as  compared 
with  1.7  in  London,  1.2  in  Edinburgh  and  3.2  in  Berlin.  Measures  for  its 
restriction  there  do  not  therefore  appear  to  be  so  imperative  as  in  the  case 
of  the  infectious  diseases  already  named. 

With  the  view  of  diminishing  the  spread  of  whooping-cough  it  has  also 
been  proposed  to  found  a  great  isolating  establishment,  including  a  school 
and  a  hospital. 

The  public  disinfecting  stations  form  a  part  of  the  general  plan  for  the 
prevention  of  the  spread  of  infections  diseases.  Those  of  Paris  and  Berlin 
are  most  thoroughly  equipped,  and  managed  in  the  most  effective  and  sys- 
tematic manner.  Their  description,  however,  does  not  come  within  the 
scope  of  the  present  paper. 


732  STATE  BOARD  OP  HEALTH.         [Pub.  Doc. 

Later  iDformation  upon  the  subject  of  isolation  of  contagions  diseases  in 
Paris  may  be  found  in  a  paper  contributed  to  the  International  Congress  of 
Charities,  Correction  and  Philanthropy  at  Chicago  in  June,  1893,  by  Drs. 
Herbert  and  Hogg  of  Paris.* 

The  following  summary  is  presented  in  that  paper  of  the  facilities  whicb 
are  afforded  in  Paris  for  the  isolation  and  treatment  of  hospital  patients 
suffering  with  contagious  diseases.  The  hospitals  providing  such  facilities 
are  six  in  number :  — 

The  AuberviUiers  Hospital  possesses  separate  buildings  for  small-pox, 
measles,  scarlet  fever,  erysipelas,  diphtheria  and  doubtful  oases ;  in  all, 
184  beds. 

The  Hospital  TroiLsseau.  Isolation  wards  are  established  for  children 
with  diphtheria,  measles  and  scarlet  fever  (181  beds). 

Hospital  ^^des  Enfants  Malades"  (Enfants  J6sus),  which  is  a  hospital 
for  children,  receives  diphtheria  and  scarlet  fever  patients  (52  beds). 

In  addition  to  these  the  following  hospitals  are  provided  with  isolation 
rooms  :  LariboisCerej  7  beds  ;  La  Pitie^  5  beds ;  La  CharUe^  3  beds. 

All  of  these  taken  together  furnish  a  total  of  332  beds. 

Sweden. 

In  Sweden,  local  public  health  administration  is  in  charge  of  a  Commis- 
sion of  Hygiene,  in  the  towns  (Helsovardsnamnd)  ;  and  in  rural  districts 
the  Communal  Council  is  entrusted  with  sanitary  functions.  These  have 
been  organized  by  laws  of  1874  and  1885. 

During  the  prevalence  of  an  epidemic  of  infectious  disease  the  Commis- 
sion must  attend  to  the  following  regulations :  — 

1.  The  immediate  removal  of  the  patient  to  a  special  hospital,  a  place 
isolated  for  the  purpose,  unless  the  transport  should  endanger  the  life  of 
the  patient.  He  may  remain  in  his  own  dwelling  if  he  can  be  nursed 
according  to  the  regulations  prescribed  by  the  Commission. 

2.  The  immediate  disinfection  of  the  house,  clothing,  bedding,  etc.,  of 
the  patients  who  have  died,  recovered  or  been  sent  to  the  hospital. 

3.  Patients  are  not  to  be  removed  in  public  carriages ;  stretchers,  sedan 
chairs,  etc.,  are  disinfected  after  use. 

4.  Clothing  of  the  patients,  and  anything  belonging  to  the  hospital 
which  has  been  lent  or  sold,  are  to  be  disinfected. 

Persons  suffering  with  epidemic  or  infectious  diseases  cannot  refuse  to 
be  removed  to  the  special  hospital  unless  life  would  be  endangered,  or  they 
can  be  nursed  in  a  place  properly  isolated,  at  their  own  expense. 

When  two  infectious  diseases  prevail  at  the  same  time,  two  special  hos- 
pitals should  be  established,  or,  at  least,  a  properly  isolated  portion  must  be 
set  apart  for  the  treatment  of  one  class  of  patients. 

*  Hospitals,  Dispensaries  and  Narsing.    Papers,  Discussions,  etc,  at  Congress  of  Charities, 
Correction  and  Philanthropy,  June,  1893.    New  Yorlc,  1894. 
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Fopalation  about  225,000.  In  Stockholm  the  plan  presented  in  1884,  by 
Dr.  Linroth,  Chief  Medical  Officer,  for  the  purpose  of  organizing  the  treat- 
ment of  infectious  diseases  in  the  city  includes  — 

1 .  A  hospital  placed  at  one  end  of  the  city,  organized  in  a  pavilion  sys- 
tem, and  comprising  — 

A  building  for  small-pox,  with* 

A  building  for  typhus  fever,  with 

A  building  for  scarlet  fever,  with 

A  building  for  diphtheria,  with 

A  building  for  measles,  with  . 

A  building  with,  at  least,  ten  small  observation  rooms,  each  having  one 

bed. 
A  building  for  the  staff,  containing  also  rooms  for  the  medical  officers  of 

the  establishment. 
Buildings  for  offices,  such  as  kitchen,  laundry,  place  for  disinfection  and 

the  burning  of  straw,  stables,  coach-houses  and  ice-houses. 

A  place  should  be  reserved  on  the  same  ground  for  two  temporary  hos- 
pitals, the  plans  and  drawings  for  which  must  be  quite  ready  so  that  they 
can  be  erected  without  delay  in  case  of  need. 

2.  A  branch  establishment  at  the  other  end  of  the  city,  organized  after 
the  same  system,  and  comprising  — 


A  building  for  scarlet  fever,  with 

A  building  for  measles,  with 

A  building  for  the  staff,  and  two  rooms  for  special  cases. 
A  building  for  the  offices  of  the  establishment. 


80  beds. 
25  beds. 


8.  An  establishment  situated  in  the  group  of  islands  on  this  side  of 
Yazholm,  intended  to  receive  infectious  patients  who  have  arrived  by  sea, 
and  comprising  a  pavilion  with  fifteen  beds ;  a  place  for  disinfection ;  a 
building  for  the  staff  and  officers. 

4.  A  place  for  disinfection  within  the  city  for  the  healthy  members  of 
families  exposed  to  infection,  and  for  suspected  clothing.  The  number  of 
beds  available  should  be  one  hundred  and  forty-eight  in  the  large  hospital, 
fifty-seven  in  the  branch  establishment  and  fifteen  in  the  island  hospital, 
in  all  two  hundred  and  twenty  beds. 

Dr.  Linroth  is  of  opinion  that  typhoid  fever  may  safely  be  treated  in  the 
other  hospitals  of  the  city  as  in  previous  years. 

The  construction  of  a  new  isolation  hospital  on  the  above  plan  was  only 
begun  in  1890.  The  hospital  comprises  tve  pavilions,  comprising  alto- 
gether one  hundred  and  sixty-two  beds,  a  building  with  eight  observation 
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rooms,  a  buildiDg  for  the  administration  and  for  the  doctor,  one  for  cooking, 
a  laundry,  mortuary,  etc. 

Before  this  time  the  old  hospitals  were  utilized,  temporary  buildings 
being  erected  for  special  requirements.  . 

These  are  constructed  of  double  boards.  The  interstices  of  the  waUs, 
floor  and  ceiling  are  filled  up  with  charcoal. 

A  barrack  on  this  model  was  erected  in  ten  days  in  the  park  of  BelleToe 
near  Brunsviken,  when  an  epidemic  of  small-pox  was  threatened.  The 
expense  amounted  to  about  £700. 

A  permanent  erection  has  been  constructed  on  the  ground  of  the 
hospital  Saint  Maria  to  serve  as  a  place  for  isolation.  Its  total  length 
is  32.30  meters  and  the  width  7.50  meters.  Its  height  is  15.50  meters 
between  the  ground  and  the  ridge.  The  front,  which  looks  towards  the 
west,  is  flanked  by  a  fore-court  eight  meters  in  length  by  5.5  meters  in 
width.  The  sides  are  made  of  boards  7.5  centimeters  thick,  wainscoted 
and  lined  with  mill-board  outside  and  inside.  The  roof  is  of  mill-board 
covered  with  asphalt. 

The  building  contains  two  wards,  with  thirteen  beds  in  each.  The  space 
between  the  wards  is  occupied  by  a  room  for  the  nurse,  a  linen-room,  and 
a  small  kitchen  for  making  drinks.  Behind  the  vestibule  adjoining  the 
wards,  which  can  be  divided  into  parts,  is  a  fore-court  in  which  are 
placed  the  latrines  and  the  bath-room.  The  floors  of  the  wards  are  made 
of  asphalt,  laid  on  a  bed  of  cement,  which  is  placed  on  the  ground,  cov- 
ered with  a  bed  of  broken  stones  and  gravel.  The  other  rooms  have  also 
asphalt  floors,  excepting  the  nurses'  room. 

The  walls  and  ceilings  are  painted,  in  oil  throughout  the  building,  in 
order  that  they  may  be  easily  cleaned.  Each  bed  in  the  wards  has  7.20 
square  meters  of  floor  space  and  30  cubic  meters  of  cubic  space.  The 
windows  are  made  in  the  side  wall  of  the  ward,  and  look  east  and  west, 
there  being  eleven  in  each  ward.  The  windows  are  two  meters  in  height 
by  one  in  breadth,  their  total  surface  being  about  one-fourth  of  the  floor. 
The  establishment  possesses  a  gas  and  water  service.  There  are  two  baths 
made  of  copper  in  the  bath-room.  The  latrines  are  arranged  on  the  system 
of  movable  tanks  used  in  the  city,  but  in  such  a  way  that  the  urine  flows 
away  separately  by  a  subterranean  pipe.  In  the  closets  there  are  also  cis- 
terns in  zinc  for  the  soiled  linen,  a  current  of  water  continuously  passing 
through  them  from  top  to  bottom,  and  discharging  into  the  sewer.  The 
speed  of  the  current  is  regulated  at  pleasure. 

In  this  way  all  risk  from  the  handling  of  dry  linen  worn  by  the  infectious 
patients  is  avoided.  The  linen  is  not  taken  from  the  water  and  wrung 
until  the  moment  when  it  is  to  be  sent  to  the  wash.  The  cisterns  have 
lids  locked  with  a  key. 

Heating  and  ventilation  are  effected  by  means  of  a  kind  of  stove  with  an 
iron  casing  lined  with  fire-proof  bricks.     The  casing  does  not  come  higher 
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than  the  middle  of  the  stove,  and  is  6  centimeters  from  it.  The  total 
height  of  the  apparatus  is  3.60  meters,  the  exterior  diameter,  0.60  meter; 
the  heated  surface,  7  square  meters. 

The  fresh  air,  entering  by  a  pipe  sixty  centimeters  by  thirty,  arrives  at 
the  bottom  of  the  stove  and  is  heated  in  passing  between  the  stove  and  the 
casing.     The  ventiiating-pipe  is  provided  with  a  sliding  valve. 

The  stoves  are  arranged  for  slow  combustion,  fed  at  long  intervals  dur- 
ing the  day,  and  kept  locked. 

The  impure  air  escapes  by  pipes  heated  in  the  chimney,  each  discharge 
pipe  having  an  opening  near  the  floor  for  ventilation  in  winter  and  one 
under  the  ceiling  for  summer ;  the  valves  of  these  openings  are  enclosed 
that  they  may  be  out  of  reach  of  the  patients. 

The  upper  sash  of  two  opposite  windows  in  each  ward  is  provided  with 
hinges  below,  so  as  to  open  within,  and  has  an  iron  plate  on  each  side. 

All  the  air-pipes  are  arranged  so  as  to  be  easily  cleaned. 

During  the  summer  more  thorough  ventilation  may  be  secured  by  a 
water  ventilator  on  Trentler  and  Schwartz's  systems,  fixed  in  the  roof, 
above  the  centre  of  the  building.  This  ventilator  is  put  into  communica- 
tion with  the  wards  and  the  outer  air  in  such  a  way  that  air  may  be 
admitted  or  excluded  at  pleasure  by  opening  or  shutting  valves. 

The  cost  of  this  barrack  is  about  £1,440. 

The  city  keeps  a  special  carriage  for  the  removal  of  infectious  patients . 
It  is  lined  inside  with  varnished  wood,  which  can  be  easily  cleaned  after 
each  journej*. 

Denmark. 

Copenhagen, 

The  wards  of  Blegdams  Hospital  are  fitted  up  with  special  care  for  the 
treatment  of  patients  with  infectious  diseases.  There  are  eight  one-storied 
pavilions,  two  for  twelve  patients  each,  six  for  twenty-six  each,  and  a  two- 
storied  pavilion  for  seventy-eight  patients ;  besides,  there  are  some  movable 
marquees  (felt  tents  of  Docker's  patent),  with  accommodations  for  fifty 
patients.  The  general  arrangement  of  the  hospital  is  shown  in  the 
accompanying  plan.  The  one-storied  pavilions  belong  to  several  systems. 
One  of  these  is  especially  distinguished  by  its  heating  and  ventilating  sys- 
tem, planned  by  Mr.  Julius  Thomsen,  Professor  of  the  University  and 
President  of  the  Polytechnic  Academy.  In  outline  it  is  in  each  of  two 
entirelv  similar  halves,  as  follows :  fresh  air  is  conducted  from  wells  at  a 
proper  distance  from  the  building  to  an  air  chamber  in  its  cellar,  from  which 
it  is  conducted  under  the  floor  of  the  sick  ward,  into  which  it  ascends  through 
three  openings  in  the  floor.  In  the  cellar  a  fire  is  kept  up  all  the  year 
round ;  during  the  cold  season  the  draught  from  the  furnace  is  conducted  to 
a  chimney  in  the  centre  of  the  building  through  a  calorifere  placed  in  the 
air-chamber;  hereby  the  fresh  air  gets  a  suitable  temperature,  while  the 
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dranght  in  summer  is  conducted  directly  to  the  chimney,  without  paseing 
the  calorifere.  The  chimney  vill  always  thas  be  able  to  exhanst  the  viti- 
ated air  of  the  sick  ward,  which  is  effected  by  means  of  chaunets  leading 
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to  the  chimney  from  openings  in  the  walls  of  the  ward  at  various  heights 
from  the  floor.  The  draught  in  the  fireplace,  in  which  the  consumption  of 
fuel  naturally  varies  according  to  outside  temperature,  can  be  regulated 
with  a  simple  mechanism  from  the  cellar,  as  well  as  from  the  sick  ward,  so 
that  it  goes  partly  through  the  calorifere,  partly  directly  to  the  chimney, 
and  that  an  increase  of  one  passage  corresponds  to  a  diminishing  of  the 
other.  In  the  same  manner  the  exhaust  can  be  regulated ;  its  strength  can 
be  read  from  au  anemometer  in  the  ward,  and  it  may  be  regulated  or  entirely 
stopped,  according  to  circumstances.  The  nurses  are  thus  at  all  times  able 
to  control  the  temperature  and  renewal  of  air.  The  above-mentioned  two- 
storied  sick  ward  of  Blegdams  Hospital  was  just  completed  at  the  expira- 
tion of  1890,  and  represents  a  high-class  modem-hospital  technique.  The 
principles  on  which  the  new  operating  room  in  the  Commune  Hospital, 
above  described,  was  built  are  in  every  essential  also  used  in  this  building. 
Its  baths,  kitchens,  closets  and  other  accessories  are  in  most  perfect  har- 
mony with  the  principles  described  above. 
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HEALTH  OF  TOWNS. 


Under  this  title  it  has  been  customary  to  present  a  digest  of  the 
annual  reports  of  the  local  boards  of  health  which  have  been  received 
at  the  office  of  the  State  Board  of  Health. 

Very  few  of  the  smaller  towns  (such  as  have  populations  of  less 
than  2,000  inhabitants)  publish  separate  reports  of  the  local  boards 
of  health.  The  reports  which  we  receive  are,  therefore,  mainly 
those  of  the  cities  and  large  towns. 

The  most  prominent  topics  which  appear  in  these  reports  are  the 
increased  care  devoted  to  the  subject  of  the  notification  of  infectious 
diseases,  and  their  prevention  by  isolation,  disinfection  and  vaccina- 
tion, the  need  of  sewerage  and  efficient  methods  of  disposal  in  towns 
where  no  systems  are  in  existence,  the  inspection  of  plumbing  and 
registration  of  plumbers,  and  the  disposal  of  the  garbage  and  the 
refuse  of  houses  and  of  streets. 

The  subject  of  the  notification  of  diseases  has  been  considered  at 
an  earlier  place  in  this  volume. 

The  following  table  contains  the  statistics  of  cases  of  diphtheria, 
scarlet  fever,  typhoid  fever  and  measles  reported  to  local  boards  of 
health,  as  compiled  from  the  annual  reports  of  such  boards,  which 
have  been  forwarded  to  the  office  of  the  State  Board,  since  the  close 
of  the  calendar  year  1893.  In  parallel  columns  are  also  presented 
the  deaths  from  the  same  causes,  as  given  in  the  same  reports. 


Certain  Infectious  Diseases  reported  to  Local  Boards  of  Health  in  1893, 


1 

DiPHTHBBIA  AMD 

Choup. 

SCASLBT  FBVBB. 

Typhoid  Fbvbb. 

Hbaslbs. 

Cribs  asd  Towns. 

Caaes. 

Deaths. 

Cases. 

DMths. 

Cases. 

Deaths. 

Cases. 

i 

Deaths. 

Amssbory* 

Attleboroagb,       .... 

Ayer, 

Bsrerly, 

18 
21 

9 

6 

1 

89 
80 

87 
7 

14 
1 

21 

12 

ft 

14 

2 

01 
8 

1 

- 

[741] 


742 


STATE  BOAED  OP  HEALTH.         [Pub.  Doc. 


Certain  Ittfeetiotu  Diteaaes  reported  to  Local  Boards  of  HeaUh  in  1893 

—  Continued. 


DIPBTHBUA  AHO 
CitOCP. 

SOABLBT  FSVSK. 

TrPHOiD  Fbykb. 

MmAKLEA. 

•  Cities  avd  Towvs. 

Cases. 

Deaths. 

Cases. 

Deaths. 

Cases. 

Deaths. 

f^tn. 

Desths. 

BosTOir, 

»                              • 

1,465 

476 

2,580 

248 

824 

148 

- 

- 

Bradford, 

1              •              • 

5 

1 

8 

- 

6 

1 

5 

- 

Bridgewator, . 

3 

- 

8 

- 

2 

- 

- 

- 

Bbooktov,    . 

44 

16 

82 

5 

20 

8 

Ill 

- 

Brookline, 

18 

4 

44 

7 

10 

8 

615 

6 

Cakbbidob,  . 

108 

48 

680 

67 

92 

16 

U 

Obslsba, 

29 

10 

80 

7 

10 

6 

- 

- 

Ooncord, 

7 

- 

88 

- 

4 

- 

48 

- 

IXedbam, 

8 

- 

68 

8 

9 

2 

47 

- 

BaBthampton, 

84 

11 

16 

- 

- 

- 

- 

- 

Btxrutt, 

10 

2 

105 

11 

12 

4 

147 

6 

Fall  Riyib, 

40 

13 

348 

82 

87 

17 

- 

- 

VlTCHBTTRO,    . 

10 

3 

28 

- 

28 

4 

692 

7 

'Framingham, 

18 

2 

32 

- 

- 

88 

- 

'Gardner, 

4 

- 

0 

18 

1 

60 

S 

*GL0UCE8TKB, 

16 

0 

110 

7 

5 

- 

- 

Great  BarriDgton, 

4 

2 

27 

- 

- 

- 

- 

Greenfield,     • 

47 

5 

0 

10 

4 

- 

mm 

Hayxbhill,  . 

18 

8 

97 

68 

12 

28 

- 

Hingham, 

2 

- 

29 

- 

- 

- 

- 

Hudson, . 

4 

2 

14 

U 

6 

18 

- 

Ipswich, 

6 

1 

19 

6 

- 

20 

- 

Lawbbnce,   . 

85 

10 

241 

81 

141 

33 

60 

S 

Leominster,  . 

20 

2 

33 

6 

1 

264 

- 

Lexington,     . 

1 

1 

2 

- 

2 

- 

154 

- 

Lowbll, 

85 

80 

209 

18 

100 

63 

641 

10 

Ltnn,     . 

105 

38 

272 

9 

63 

12 

- 

- 

Marblehead,  . 

15 

- 

113 

5 

7 

- 

- 

- 

Mablbobouoh, 

7 

6 

14 

- 

2 

7 

816 

s 

Maynard, 

1 

- 

48 

2 

- 

8 

18 

- 

Mbdfobd,     • 

28 

7 

81 

6 

13 

6 

800 

1 

Kelrose, 

15 

8 

98 

5 

6 

- 

92 

- 

MiUbnry, 

10 

1 

14 

- 

15 

8 

118 

i 

Milton,    . 

4 

- 

10 

- 

2 

- 

27 

- 

Kantnoket,     . 

0 

- 

0 

- 

0 

- 

0 

- 

Keedham, 

8 

- 

4 

" 

11 

8 

1 

« 
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Certain  Jnfeetkmt  JHhmu  reported  to  Local  Boards  of  Health  in  1893 

—  Concluded. 


DIFHTHKBIA  AXB 

Gbouf. 

SOAXLST  Fsvaa. 

Ttphoid  Fkysb. 

Crnxs  kXD  Towvs. 

Gates. 

Death*. 

Caaea. 

Deaths. 

Gasea. 

Deaths. 

Casea. 

Deaths. 

Nsw  BiDroBD, 

26 

18 

222 

8 

284 

20 

125 

5 

NSWBUBTFOBT, 

86 

8 

6 

1 

67 

7 

28 

0 

Newton, 

80 

83 

116 

2 

28 

4 

648 

1 

NOBTHAMPTOX, 

15 

6 

77 

12 

40 

4 

26 

1 

North  Andorer, 

- 

- 

4 

- 

2 

- 

8 

- 

North  Attleboroag 

h. 

- 

2 

- 

14 

4 

8 

- 

- 

Northbildge, . 

0 

- 

1 

- 

1 

- 

- 

- 

Orange,  • 

- 

1 

1 

- 

6 

2 

82 

- 

Prtsfibld,  • 

7 

1 

164 

4 

20 

6 

08 

2 

Plymooth,     • 

61 

82 

8 

1 

18 

- 

- 

- 

QUIHOT,  . 

16 

4 

07 

8 

20 

10 

252 

S 

Beading, 

1 

- 

8 

- 

8 

1 

28 

- 

Revere,  • 

8 

1 

16 

2 

6 

1 

- 

- 

Boekland,      .       . 

2 

1 

17 

- 

1 

1 

84 

- 

Salbx,   . 

47 

18 

70 

1 

62 

11 

- 

- 

Sangna,  . 

- 

- 

1 

- 

1 

- 

48 

- 

SPBIXeFIBLD, 

48 

22 

286 

24 

62 

- 

- 

10 

Bwampaeott, . 

6 

2 

11 

- 

- 

- 

- 

- 

Taumton, 

0 

6 

181 

10 

10 

7 

- 

- 

Wakefield,     .       . 

21 

6 

33 

8 

10 

6 

68 

- 

Walthax,     . 

36 

12 

132 

8 

25 

2 

- 

- 

Ware,     . 

11 

6 

16 

1 

1 

17 

8 

Wellealey,     . 

2 

- 

8 

- 

- 

- 

48 

- 

Weatboroagh, 

- 

- 

4 

- 

- 

- 

- 

- 

Weatfleld,      . 

aeveral 

1 

aeveral 

- 

several 

6 

- 

- 

Weetford, 

2 

1 

8 

- 

1 

1 

16 

8 

Wllliamatown, 

.  • 

6 

1 

8 

4 

7 

8 

1 

- 

Wlooheeter,  . 

4 

1 

15 

2 

12 

4 

260 

- 

WOBURK, 

82 

8 

78 

0 

0 

1 

- 

- 

128 

88 

170 

10 

148 

81 

1,112 

16 

Totala,     . 

2,910 

026 

7,420 

664 

2,467 

402 

6,200 

08 

From  the  comparison  of  these  figures,  the  relative  fatality  of  each 
disease  during  the  year  in  these  cities  and  towns  may  readily  be 
ascertained.  The  columns  of  deaths  may  be  considered  as  quite 
accurate,  while  the  reported  cases  are  probably  somewhat  less  than 
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the  actual  numbers,  in  consequence  of  a  small  percentage  of  neglect 
or  failure  to  report.     The  lEigures  are  as  follows :  — 


Reported  cases  of  diphtheria  and  croup, 
Registered  deaths  from  diphtheria  and  croup, 
Fatality,    .        .  •     . 


2,919 
926 
81.7  per  cent. 


Reported  cases  of  scarlet  fever, 7,420 

Registered  deaths  from  scarlet  fever, 654 

Fatality, 8.8  per  cent 

Reported  cases  of  typhoid  fever, 2,457 

Registered  deaths  from  typhoid  fever, 492 

Fatality, 20.0  per  cent 

Reported  cases  of  measles, 6,290 

Registered  deaths  from  measles, 98 

Fatality, 1.6  per  cent 

The  following  summary  contains  the  figures  for  each  of  these 
diseases  for  the  years  1891,  1892  and  1893  :  — 


Reported  Cases  of  Infectious  Diseases. 


DiPHTHKRIA  AMD 

Caoup. 

SCAKLBT  FaVBB. 

Ttphoid  Fbvkr. 

MSASLXS. 

• 

s 

1 

i 

• 

• 

• 

1  '■ 

m 

• 

i 

i 

• 

i 

• 

s 

Reported  caaes,    . 

Deatha 

Fatality, 

2.444 

675 

23.6 

3,088 

891 

29.2 

2,919 

926 

31.7 

4,617 
161 
3.3 

6,112 
281 
4.6 

7,420 
624 
8.8 

2,414 

460 

19.0 

1,892 

435 

23.0 

2,457 

492 

20.0 

5.861 

S4 

1.4 

788 

31 

4.0 

6,890 

OS 

1.6 

Mean  of  three  years. 

28.5 

6.8 

,               20.5 

1 

1.6 

The  cities  and  towns  embraced  in  this  list  were  70  in  number,  and 
comprised  about  three-fnurths  of  the  population  of  the  State.  They 
were  nearly  identical  with  those  which  furnished  reports  in  1892. 

The  number  of  reported  cases  of  diphtheria  was  eighty  less  than 
that  of  1892,  and  the  percentage  of  fatal  cases  was  slightly  larger. 

The  reported  cases  of  scarlet  fever  exceeded  those  of  1892  by 
1,308,  while  the  fatality  was  8.8  per  cent,  or  nearly  double  that  of 
the  preceding  year. 

The  reported  cases  of  typhoid  fever  were  greater  than  those  of 
1892  by  565,  but  the  fatality  was  less,  being  20  per  cent,  as  com- 
pared with  28.0  in  the  preceding  year. 


The  reported  cases  of  menales  were  eight  times  as  many  as  those 
of  1892,  but  the  fatality  was  less  than  half  as  great,  being  1.6  per 
c«nt.  as  compared  with  4.0  in  the  preceding  year. 

The  following  figures  present  the  fatality  from  diphtheria,  scarlet 
fever  and  typhoid  fever  as  reported  by  the  Local  Governmeot  Board 
of  England  for  the  years  1890,  1»91  and  1892. 


AUESBURT. 

There  have  been  many  tesa  complaints  entered  this  year  than  last,  eighty- 
two  cases  as  against  one  hundred  and  fifty.  Most  of  these  were  promptly 
abated  on  the  attention  of  the  property  owners  being  called  to  the  unsaoi- 
tary  conditions,  therefore  little  expense  was  Incurred  to  have  official  notices 
lerved. 

There  was  some  delay  in  abating  the  odor  from  the  old  soap  factory,  but 
the  esigeocies  of  the  business  made  it  almost  unavoidable. 

The  Board  would  again  call  the  caroest  coosideration  of  the  voters  of 
the  town  to  the  utility  and  economy  of  sewering  the  town,  as  per  plan  now 
on  file  ;  if  not  the  whole,  at  least  a  part  should  be  done  every  year. 

Scarlet  fever  at  first  showed  itself  la  a  mild  form,  but  has  gradually  as- 
samed  a  more  malignant  type,  with  a  death  rate  of  sixteen  per  cent,  of 
reported  cases.  To  stay  the  spread  of  this  dread  disease,  the  Board  has 
promptly  placarded  every  house  in  which  the  disease  has  been  reported, 
and  given  full  instructions  as  to  the  importance  of  isolation  and  proper 
diaiofection.  Some  physicians  and  most  heads  of  families  have  been  dila- 
tory  in  reporting  the  oases,  and  some  were  not  reported  at  all.  The  State 
law  requires  such  reports  to  be  made,  and  impoees  heavy  fines  for  neglect. 
The  school  committee  had  the  public  schools  closed  for  some  weeks  to  stay 
the  oroifress.  bat  with  no  nereentible  benefit,  as  two  dava  before 
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Arlington. 

In  the  absence  of  a  regularly  elected  Board  of  Health,  the  Belectmen, 
under  the  statutes,  constitute  the  Board.  As  our  town  increases  in  popula- 
tion, and  dwellings  are  erected  nearer  together,  the  importance  of  an  alert 
and  competent  Board  of  Health  is  evident.  On  all  our  streets  a  greater  or 
less  portion  of  the  land  is  used  for  cultivation.  This  results  in  the  use  of 
various  forms  of  fertilizers,  which,  while  not  always  dangerous  to  health, 
are  very  objectionable  —  whole  neighborhoods  at  times  being  rendered  un- 
comfortable by  the  unloading  of  the  refuse  from  the  city. 

The  keeping  of  swine  within  the  limits  of  the  town  should  be  restricted 
to  places  remote  from  the  densely  inhabited  portions. 

We  suggest  that  a  separate  Board  of  Health  be  elected  by  the  town, 
selected  from  those  citizens  who  are  especially  familiar  with  sanitary  matters. 

Attleborough  . 

In  accordance  with  the  requirements  of  the  Public  Statutes,  the  Board 
of  Health  makes  an  annual  report  to  the  town.  This  report  should  include 
an  account  of  the  duties  performed  by  the  members,  such  suggestions  for 
the  physical  welfare  of  the  town  as  occur  to  them  as  the  results  of  their 
experience,  and  tables  of  vital  statistics  which,  when  compared  with  reports 
of  former  years,  indicate  the  way  the  town  is  growing  and  suggest  oppor- 
tunities for  its  sanitary  improvement. 

Less  complaints  were  received  this  year  than  usual.  In  fact,  house- 
holders are  now  generally  informed  as  to  the  requirements  of  the  Board 
and  gladly  conform  to  them.     No  serious  epidemic  has  occurred. 

Measles  became  so  prevalent  that  the  Board  requested  the  school  com- 
mittee to  exclude  from  the  public  schools  all  pupils  coming  from  homes 
where  there  were  such  cases.  This,  being  an  innovation,  caused  unfavora- 
ble criticism  from  the  public  and  even  from  physicians  in  town,  but  singu- 
larly enough,  by  this  action  the  local  Board  only  anticipated  by  a  few 
months  what  is  now  required  by  the  statutes,  viz.,  that  measles  shall  be 
included  in  the  list  of  diseases  ^'  dangerous  to  the  public  health,"  and 
consequently  to  be  especially  guarded  against. 

Ayer. 

The  most  notable  occurrence  in  connection  with  the  health  of  the  to?ni, 
during  the  year,  was  an  epidemic  of  scarlet  fever.  The  lower  grades  of 
the  public  schools  were  closed  for  several  weeks  in  December  with  little 
apparent  effect  in  checking  the  spread  of  the  disease.  The  disease  was 
probably  spread  in  many  instances  by  cases  so  mild  they  were  not  recog- 
nized. 
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Babbe. 

It  is  a  Dotable  fact  relative  to  the  health  of  Barre,  that,  in  a  total  of 
thirty-five  births  and  thirty-six  deaths,  there  were  no  deaths  of  infants,  and 
no  death  was  reported  of  any  person  under  thirty  years  of  age. 

Beyerlt. 

There  was  free  vaccination  of  1,874  patients,  and  the  issuing  of  certifi- 
cates to  the  same. 

In  view  of  the  fact  that  the  town  has  voted  to  put  in  a  system  of  sewer- 
age, the  Board  would  most  earnestly  recommend  that  the  town  adopt  the 
State  plumbing  law  so  that  in  the  future  the  citizens  will  receive  the  full 
benefit  of  the  sewer. 

They  would  also  call  attention  to  the  daily  increasing  demand  for  the 
adoption  of  some  system  for  the  collection  of  garbage,  swill  and  ashes. 
At  the  present  time  the  greater  part  of  the  swill  is  mixed  with  ashes  and 
then  dumped  on  some  of  the  various  dumps  in  and  about  the  town,  thus 
creating  a  very  undesirable  state  of  aflfairs  in  such  locations. 

Boston. 

The  total  number  of  deaths  duriug  the  year  was  11,710,  an  increase  of 
474  over  the  preceding  year.  The  death-rate  per  1,000  inhabitants  for  the 
year  is  found  to  be  24.02.  The  prevalence  of  pneumonia  during  the  year 
assumed  a  character  unequalled  in  the  registration  of  vital  statistics  in  this 
city.  In  1851  its  percentage  to  the  total  mortality  was  7.75;  in  1893  it 
was  18.15  per  cent.,  or  a  total  of  1,540  deaths  from  this  cause  alone.  It 
is  gratifying,  however,  to  be  able  to  state  that  the  percentage  of  the  total 
mortality  from  zymotic  causes  is  less  by  .49  per  cent,  than  for  the  year 
1892,  or  17.43  per  cent,  of  the  total  number  of  deaths.  The  deaths  from 
diphtheria  increased  62,  while  the  deaths  from  scarlatina  decreased  14,  as 
compared  with  the  preceding  year. 

Infectious  Diseases. 

Small-pox.  —  On  Oct.  80,  1898,  after  an  interval  of  fourteen  months,  a 
case  of  small-pox  occurred  in  Ward  6.  The  patient,  a  boy  eleven  years  old, 
who  arrived  in  Boston,  October  15,  on  the  *^  Catalonia,"  must  have  con- 
tracted the  disease  on  that  steamer.  On  November  6  a  second  case  occurred. 
The  case  was  found  in  Ward  22,  and  was  directly  traceable  to  the  *'  Cata- 
lonia." This  patient  was  removed  to  the  hospital,  and  as  he  was  unvacci- 
nated  he  had  a  severe  attack  of  the  disease.  This  case  gave  rise  to  two  others 
occurring  in  this  man's  family.  As  the  two  last  patients  had  been  vaccinated 
they  were  not  very  ill,  and  remained  at  the  hospital  only  a  short  time.  On 
November  18,  in  Ward  18,  three  cases  occurred  in  one  family,  which  were 
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directly  traced  to  a  mild  attack  of  the  disease  which  must  have  been  coor 
tracted  on  the  ^'  Catalonia."  These  three  patients,  together  with  the  per- 
son who  arrived  on  the  ^^  Catalonia,"  were  removed  to  the  hospital,  where 
they  all  recovered.  The  an  vaccinated  were  quite  ill ;  the  vaccinated  were 
not  seriously  ill.  On  November  18  a  case  occurred  in  Ward  14.  The 
patient,  a  little  girl  about  three  years  old,  contracted  the  disease  from  a 
mild  case  in  a  person  who  arrived  in  Boston  on  the  ^^  Catalonia."  On 
December  7,  8  and  9  eight  cases  occurred  in  Ward  19,  which  were  con- 
tracted from  an  unrecognized  and  mild  attack  of  the  disease.  A  case  oc- 
curred on  December  8,  in  Ward  18,  the  origin  of  which  could  not  be  traced. 
From  Dec.  10,  1893,  to  Jan.  5,  1894,  eleven  cases  occurred  which  could  be 
directly  traced  to  the  mild  case  in  the  family  living  in  Ward  19,  which 
has  been  previously  mentioned.  On  December  13  a  case  occurred  in  Ward 
14,  which  could  be  directly  traced  to  a  previous  case. 

From  Oct.  30,  1893,  to  Jan.  31,  1894,  there  were  in  all  thirty-six 
cases.  The  percentage  of  deaths  amoug  the  unvaccinated  has  been  29.62. 
No  vaccinated  person  has  died,  and  no  vaccinated  person  has  been  seriously 
ill.  A  mother  nursed  her  infant,  who  had  the  disease,  during  the  whole 
course  of  the  attack,  but  as  the  mother  had  two  perfectly  characteristic 
scars  she  did  not  contract  the  disease.  Two  vaccinated  children,  relatives 
of  a  patient,  were  constantly  exposed  from  three  to  four  weeks  to  the  dis- 
ease and  did  not  become  ill. 

Vaccination,  —  The  number  of  cases  of  small-pox  having  increased  in 
November,  it  was  thought  best  to  offer  free  vaccination  in  those  sections 
of  the  city  where  cases  of  this  disease  were  most  frequently  found,  and 
there  were  in  round  numbers  100,000  vaccinated. 

Early  in  November,  while  vaccinating  among  school  children  in  South 
Boston,  the  Board  personally  discovered  the  fact  that  many  children  were 
attending  the  public  schools  without  ever  having  been  vaccinated,  and  these 
facts  were  subsequently  communicated  to  the  School  Committee,  under  date 
of  Nov.  28,  1893.  Fifty-nine  thousand  four  hundred  and  eighty-eight 
pupils  have  been  examined;  there  have  been  4,120  primary  vaccinations ; 
10,152  re- vaccinations  ;  and  the  number  of  pupils  refusing  vaccination  and 
presenting  insufficient  evidence  of  having  been  vaccinated  is  1,678. 

Diphtheria,  —  The  Board  of  Health  has  repeatedly  asked  for  an  appropri- 
ation with  which  to  increase  its  care  for  the  uncontrolled  cases  of  diphtheria 
and  scarlet  fever,  and  it  has  as  often  been  refused.  The  Board  would  like 
to  have  all  cases  seen  by  its  own  physicians  or  agents,  held  under  proper  sur- 
veillance while  at  home,  and  released  from  isolation  only  on  the  certificates 
from  the  same  physicians  or  agents.  We  would  like  to  aid  in  having  all 
doubtful  cases  of  sore  throat  decided  by  expert  bacteriological  examina- 
tions, and  have  all  cases  of  diphtheria  discharged  from  isolation  by  means 
of  the  same  tests,  or  after  a  prolonged  isolation  when  all  local  and  general 
symptoms  of  the  disease  have  disappeared.    To  do  this  the  department 
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must  have  more  medical  agents,  and  have  its  present  medical  officers  re- 
lieved from  duties  now  performed  for  other  departments  of  the  city. 

We  have  long  since  been  satisfied  that  the  welfare  of  the  schools  and  the 
<;ommanity  at  large  demands  better  protection  against  the  spread  of  conta- 
gious diseases,  and  that  through  additional  medical  agency  alone  can  we 
hope  to  give  such  protection. 

For  this  purpose  the  Board  of  Health  recommended  to  the  School  Com- 
mittee the  adoption  of  the  f ollawing  regulations  in  response  to  a  request 
from  the  School  Committee :  — 

First :  That  no  pupil  be  admitted  to  any  public  schools  without  a  certifi- 
cate from \ that  such  pupil  bears  the  physical  evidence  of 

having  had  a  disease  known  as  vaccinia. 

Second :  For  the  return  of  any  pupil  to  school  after  suffering  from  small- 
pox, scarlet  fever,  diphtheria,  measles,  or  whooping-cough,  a  certificate 

should  be  required  from that  the  pupil  has  lost  all  power  to 

communicate  to  others  the  disease  from  which  be  has  been  suffering,  and 
that  all  infected  articles  of  his  household  have  been  disinfected  to  the  sat- 
isfaction of  the  Board  of  Health.  For  the  continuance  of  any  pupil  in 
school  in  whose  family  or  in  whose  proximity  there  is  a  case  of  small- 
pox, scarlet  fever,  diphtheria,  or  measles,  or  any  undestroyed  infection  or 
•contagion  from  said  diseases,  there  should  be  required  a  certificate  from 

setting  forth  the  fact  that  the  patient  is  safely  removed  from 

the  danger  of  contracting  and  of  conveying  the  disease. 

When  a  child  is  known  to  have  been  exposed  to  the  infection  of  small- 
pox, scarlet  fever,  diphtheria,  or  measles,  it  should  return  to  school  only  on 

certificate  of that  the  period  of  incubation  belonging  to  the 

disease  to  which  he  has  been  exposed  has  passed. 

Houses  Vacated. 
During  the  year  one  hundred  and  eighteen  houses  have  been  ordered 
vacated  for  various  causes,  the  chief  complaints  being  general  unsanitary 
•conditions  and  want  of  repair.    These  houses  were  for  the  most  part  tene- 
ment-houses located  in  different  sections  of  the  city. 

Tenement  and  Lodging  House  Inspection. 

During  the  night  visits  of  the  inspectors  the  present  winter,  many  cases 
of  overcrowding  were  discovered  in  tenement-bouses  in  the  poorer  sections 
of  the  city. 

This  the  Board  has  been  obliged  to  remedy  by  ordering  the  removal  of 
all  the  occupants  of  such  tenements,  as  it  is  obviously  impossible  for  the 
Board  to  determine  which  ones  should  be  allowed  to  remain,  and  which 
•compelled  to  go.  This  difficulty,  however,  was  in  many  cases  solved  by 
the  occupants  themselves,  and  as  soon  as  the  number  of  occupants  became 
4%duced  to  a  satisfactory  limit  the  Board  rescinded  its  order  to  vacate  the 
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premises  if  other  sanitary  requirements  were  complied  with ;  in  a  few  in- 
stances, however,  the  premises  had  to  be  entirely  vacated  before  a  satis- 
factory condition  was  reached. 

The  cheap  lodging-houses  have  been  frequently  visited,  and  in  most 
cases  all  requirements  of  the  Board  were  complied  with. 

Eatise  to  House  Inspection, 

Whole  number  examined, 382 

Bad  odors  found  in, 8S 

Defective  drains  found  in, 122 

Defective  trapping  found  in, 107 

Privy- vaults  found, ,        .  8 

Offensive  vaults  found, 3 

Damp  or  unclean  yards, 8 

Damp  or  unclean  cellars, 14 

Using  furnaces, 190 

Furnaces  without  proper  air-supply, 18 

Using  steam-heat  or  hot  water, 28 

Water-closets  found  in, »  377 

Offensive  water-closets  found  in, 18 

Ventilation  to  soil-pipe  or  drain  found  in, 250 

Offensive  cesspools  found, 13 

Percentage  of  defective  drains, 81.94 

Percentage  of  defective  trapping, 28.01 

Percentage  of  unventilated  drains, 34.55 

PolltUion  of  Charles  River, 

In  the  fall  of  1892  a  complete  inspection  and  report  were  made  by  a 
corps  of  inspectors  from  this  oflQce  of  all  the  drainage  which  was  a  source 
of  pollution  to  the  Charles  River.  This  report  includes  all  that  part  of  the 
river  located  in  Ward  25,  and  embraces  not  only  the  public  sewers  but 
also  all  private  drains,  the  discharges  from  which,  either  directly  or  indi- 
rectly, eventually  find  their  way  into  the  river.  At  the  time  of  inspection, 
in  1892,  there  were  232  private  drains  reported  as  discharging  directly  or 
indirectly  into  the  river. 

Public  Baths. 

The  following  table  shows  the  number  of  bathers  at  the  public  baths :  — 


IMS. 

18M. 

Total  men  and  boys, 

Total  women  and  girls, 

908,889 
216,947 

825,614 
181^64 

Total  of  both  sexes, 

1,125,886 

1,007.478 

No.  34.] 


HEALTH  OF  TOWNS. 


751 


DisinfeiUian, 
The  following  tables  show  the  work  of  disinfection  daring  the  year :  — 


Diphtheria,  . 

Scarlet  fever, 

Typhoid  fever, 

Measles, 

Small-pox,  . 

Infected  clothing  and  bedding, 


1,307 

2,235 

3 

17 

20 

79 


Infected  books,    • 
Infected  carriages. 
Cancer, 
Miscellaneous,     . 


33 

28 

2 

2 


Total, 3,716 

Number  of  rooms,  6,429. 


Streets, 

Places, 

Courts, 

Alleys, 

Yards, 

Vaults, 


429 
743 
564 

3,803 
17,415 

4,413 


Cellars, 10,656 

Cesspools, 18,723 

Gutters, 11,004 


Water-closets, 
Passageways, 
Urinals, 
Vacaot  lots. 
Filthy  sheds. 
Filthy  rooms. 
Sinks, 


Total,  . 


9,522 
5,510 
389 
525 
7.509 
2,965 
9,739 

103,909 


Material  used :  bichloride  of  mercury,  1,550  pounds ;  chloride  of  lime,  54  casks ; 
sulphur,  81,671^  pounds ;  copperas,  22  barrels ;  and  7  barrels  of  other  disinfecting 
powder. 

Nuisances, 

The  total  number  of  nuisances  abated  during  the  year  is  8,447. 
In  addition  to  the  foregoing  there  have  been  930  complaints  investigated 
where  action  by  the  Board  was  found  to  be  unnecessary. 


Report  oj  Physician  to  the  Board  of  Health, 

There  have  been  4,832  persons  vaccinated,  and  certificates  of  vaccina- 
tion have  been  given  to  8,416  children  for  their  admission  to  the  public 
schools. 

At  the  request  of  the  Civil  Service  Commission  three  hundred  and  eighty- 
eight  men  have  been  examined  for  appointment  in  the  Police  and  in  the 
Fire  Departments. 

The  bodies  of  six  hundred  and  nineteen  persons  dying  without  a  physi- 
cian in  attendance  have  been  examined.  These  oases  comprise  principally 
those  who  die  from  chronic  diseases,  where  there  has  been  no  medical  care 
for  months  previous  to  death,  and  those  who  die  suddenly  from  natural 
caoses.  In  these  a  careful  external  examination  is  made,  the  symptoms 
learned,  and  a  diagnosis,  suflQciently  accurate  for  all  practical  purposes, 
reached. 
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Ninety-six  cases  of  eraptive  disease  reported  as  small-pox  have  been 
examined.  Of  these,  twenty-six  were  found  to  be  small-pox,  and  the 
patients  —  five  men,  thirteen  women  and  eight  children  —  were  removed 
to  the  small-pox  hospital  on  Canterbury  street,  where  twenty- two  recovered. 
The  manifest  importance  of  a  bacteriological  investigation  as  a  means  of 
diagnosis  in  doubtful  cases  of  diphtheria  is  becoming  more  and  more  evi- 
dent, and  of  no  less  importance,  as  far  as  the  well-being  of  the  community 

» 

is  concerned,  Is  the  bacteriological  investigation  of  cases  after  apparent 
recovery  from  diphtheria.  In  an  endeavor  to  diminish  the  prevalence  of 
this  disease,  the  two  most  important  factors  are :  first,  the  recognition  of 
mild  and  doubtful  cases;  second,  the  actual  disappearance  of  the  specific 
germs  of  the  disease,  which  can  only  be  recognized  by  means  of  a  bacteri- 
ological investigation. 

Report  of  Port  Physician. 

During  the  entire  year  all  vessels  arriving  from  the  following  ports  were 
stopped  at  this  quarantine  for  inspection :  from  all  ports  in  Europe ;  from 
the  Western,  Madeira,  Canary,  or  Cape  Verde  islands ;  from  the  Mediter- 
ranean sea  or  straits  thereof ;  from  the  west  coast  of  Africa  or  around  the 
Cape  of  Good  Hope,  and  from  Central  and  South  America. 

From  the  first  of  June,  vessels  from  the  West  India,  Bahama,  or  Bermada 
islands,  and  Mexico  were  stopped  for  inspection. 

From  the  first  of  June  to  the  first  of  November,  all  vessels  arriving  from 
any  port  in  the  United  States  south  of  Virginia  were  inspected  at  this  qaar- 
antine. 

Eight  hundred  and  sixty-one  vessels  were  boarded  during  the  year. 

Number  of  vessels  disinfected,  eight ;  one  of  which  was  a  schooner  and 
the  remainder  were  steamers. 

Number  of  persons  removed  from  vessels  for  sickness,  seventeen. 

Number  of  persons  vaccinated,  2,855. 

The  new  bath-house  and  disinfecting  cylinder  were  used  for  the  first 
time  April  1,  and  they  both  worked  satisfactorily. 

Report  of  Inspector  at  Abattoir. 

Animals  Killed, 
Cattle, 84.521 

Calves, 6,540 

Sheep, 63,029 

Total, 104,090 


Animals  Condemned. 


Kimibw. 

Wright. 

Cowa, 

29 

i 
2 
6 
3 

12,487 
8.140 

Calves 

Sheep,  

270 

Parts  of  animals,  .        . 

2,500 

Total 

a 

20,177 

Tuberculosis. 
Fifty  cases  of  tuberculosis  were  detected  among  adult  cattle. 
The  foUotriag  tabic  sbows  the  percentage  of  tubercutosis  among  cattle 
killed  with  the  intention  of  being  used  for  food :  — 


C..««A«..«. 

kIISJS. 

P.rc«ntM.. 

Whole  number  of  all  kinds,     .... 

34,.^21 

50 

0.14 

Cows  from  eastern  states,         .... 

2,014 

44 

2.18 

Cows  from  western  states 

- 

3 

_ 

1,350 

39 

2.68 

Steers  from  western  states,       .... 

- 

- 

- 

Oxen  from  eastern  states 

_ 

2 

- 

Bnlls, 

- 

I 

- 

Inspection  of  Cattle. 

The  work  of  inspection  of  cows,  as  provided  for  by  the  Board  of  Health, 

and  subsequently  made  compulsory  upon  cattle  in  general  by  an  act  of  the 

legislature,  has  been  continued  during  the  past  year.     There  are  within  the 

city  hmits  about  2,400  cattle,  distributed  in  about  690  barns ;  all  of  these 
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sllghteet  idea  of  cleanliness,  and  practise  little  or  none  in  the  production  of 
milk.  Unfortunately  a  great  many  of  such  people  are  dependent  on  the 
sale  of  milk  for  a  livelihood. 

Bradford. 

One  case  of  tuberculosis  has  been  reported,  which  was  at  once  seni  to 
the  Cattle  Commissioners,  and  the  cow  isolated  as  required  by  them  and 
was,  after  examination  by  them,  ordered  to  be  killed. 

The  following  regulation  was  drawn  up  and  accepted  by  the  Board  and 
posted  by  them  in  accordance  with  the  Public  Statutes. 

Regulation  40  :  No  person  shall  keep  swine  or  goats  within  the  compact 
part  of  the  town  without  a  license  from  the  Board  of  Health ;  and  no  swine 
shall  be  kept  within  three  rods  of  any  dwelling  elsewhere. 

There  have  been  seventy  houses  where  new  plumbing  has  been  done,  and 
the  inspector  has  thoroughly  examined  and  accepted  the  same. 

It  is  our  advice  that  the  town  employ  responsible  parties,  who  shall,  at 
stated  intervals,  collect  the  ashes  and  take  charge  of  the  dumping  places^ 
and  that  a  contract  be  made  with  some  responsible  party  to  collect  the  swill 
and  garbage  as  often  as  twice  a  week. 

Braintree. 

By  provision  of  law  in  towns  not  having  a  Board  of  Health,  the  select- 
men act  as  such,  having  all  the  authority  bestowed  upon  such  Board.  Afl 
the  town  is  becoming  more  densely  populated,  stricter  attention  should  be 
paid  to  the  sanitary  conditions. 

We  believe  that  the  carrying  of  curtains  or  canopies  from  house  to  house 
as  is  sometimes  the  custom  of  funeral  undertakers  is  a  frequent  source  of 
contagion,  and  the  practice  should  be  discountenanced. 

Brocktok. 

The  following  is  a  list  of  the  principal  complaints  and  nuisances  investi- 
gated during  the  year :  — 

Defective  cess-pools, 102 

Defective  vaults, 65 

Filthy  yards, 115 

Houses  placarded, 126 

The  number  of  loads  of  cess-pool  matter  removed  by  the  excavator 
wagons  the  past  year  was  12,210 ;  the  number  of  loads  of  night-soil  re- 
moved was  3,099  ;  the  number  of  loads  of  ashes  removed  was  5,444. 

The  Sewerage  Commissioners  have  completed  the  part  of  the  work  laid 
out  for  the  year  1893,  and,  if  as  successful  in  carrying  out  their  plans  for 
sewering  the  streets,  will  be  able  to  take  care  of  the  sewage  of  the  business 
part  of  the  city  the  coming  year. 
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A  requiaition  was  made  upon  the  Civil  Service  Board  of  Examiners  for 
a  list  of  plumbers  qualified  for  the  position  of  inspector  of  plumbing. 
The  names  of  three  persons  qualified  to  fill  the  position  were  certified  to  this 
Board,  and  one  was  selected  and  appointed  by  the  Board  as  inspector  of 
plumbing. 

Brookline. 

The  number  of  deaths  reported  from  tuberculosis  during  the  year  (thirty, 
or  over  12.5  per  cent,  of  all  the  deaths,  occurring  principally  as  consump- 
tion),  shows  the  need  on  the  part  of  the  public  of  a  clearer  understanding 
of  the  preventable  nature  of  this  too  common  disease.  It  may  not  be  out 
of  place  to  emphasize  the  fact  that  pulmonary  tuberculosis  (consumption) 
is  absolutely  proven  to  be  a  communicable  disease,  and  quite  easily  com- 
municated when  the  person  exposed  to  it  has  his  vitality  depressed  by  such 
influences  as  foul  air,  indoor  occupation,  food  poor  in  quality  or  insufficient 
in  quality,  bad  ventilation,  certain  climatic  conditions  and  especially  fatigue 
from  nursing  a  consumptive. 

In  April,  the  following  order  was  passed :  — 

Ordered,  That  in  case  of  death,  when  the  deceased  has  not  been  attended  by  a 
physician,  the  certificate  of  death  shall  be  issued  by  the  Medical  £xaminer. 

The  public  swimming-bath  on  Boylston  street  was  open  as  usual  during 
June,  July,  August  and  September.  Early  in  the  season  the  portion  of  the 
brook  above  the  bath-house  was  inspected  and  cleaned  out,  and  measures 
were  taken  to  prevent  pollution  of  the  stream.  Some  necessary  repairs 
were  made  on  the  bath-house  to  enable  it  to  be  used  a  little  longer.  Supt. 
Dillon  reports  that  during  the  season  9,790  baths  were  taken,  an  increase 
of  2,101  over  the  previous  year.  Neither  accidents  nor  illness  have  been 
reported,  and  many  boys  have  learned  to  swim. 

The  importance,  as  a  health  measure,  of  frequent  bathing  in  hot  weather, 
and  the  great  value  of  a  public  swimming-bath,  both  as  a  means  of  physi- 
cal culture  and  of  acquiring  an  art  the  possession  of  which  saves  many 
lives,  can  hardly  be  overestimated.  The  recommendation  made  last  year 
by  the  committee  on  the  bath-house  is  renewed,  namely,  that  a  more  com- 
modious swimming-bath  be  constructed. 

The  occasional  need  of  a  suitable  building,  owned  by  the  town,  for  per- 
sons taken  ill  with  diphtheria,  scarlet  fever  or  other  dangerous  contagious 
diseases  (except  small-pox)  and  having  no  home  here,  has  received  careful 
attention  and  it  was 

Voiedy  That  in  the  opinion  of  the  Board,  it  is  necessary  to  erect  a  separate  build- 
ing upon  land  owned  by  the  town,  adjacent  to  the  almshouse,  for  the  care  and 
treatment  of  patients  with  contagious  diseases. 
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The  emergency  hospital  for  cases  of  small-poj,  built  by  the  Board  in 
1885,  and  fortnnately  never  needed  until  1898,  was  put  in  condition  for 
patients,  and,  most  important  of  all,  ample  facUities  were  pi*ovided  for 
free  vaccination. 

Of  the  nine  hundred  and  seventy-five  persons  who  received  free  vaccina- 
tion between  December  1  and  January  31,  a  very  large  proportion  were 
natives  of  the  British  Provinces  and  never  previously  vaccinated.  A  nam- 
ber  of  alleged  cases  of  small-pox,  and  of  persons  reliably  reported  as  re- 
cently exposed  to  that  disease,  were  promptly  but  quietly  investigated  by 
the  Board,  and  all  necessary  precautions  were  taken  in  each  case. 

Cambridge. 
Complaints  and  nuisances  investigated  during  the  year :  — 

Full,  overflowing  and  offensive  privy  vaults,        ....  783 

Offensive  and  defective  water-closets, 28 

Defective  drainage,  open  and  broken  drains,  etc.,         ...  61 

Filthy  yards, 118 

Number  of  inspections  made, 6,368 

Number  of  subsequent  inspections, 4,020 

Total, 10,388 

Number  of  notices  issued  and  recorded, 1,070 

Number  of  visits  to  premises  where  contagious  diseases  oc- 
curred during  the  year, 1,644 

The  various  dumps  throughout  the  city  have  caused  considerable  auDoy- 
ance  and  given  rise  to  many  complaints  during  the  year.  With  a  view  to 
a  more  thorough  control  of  the  persons  using  these  dumps  and  for  the  pre- 
vention of  the  deposit  of  improper  material  on  them,  the  Board  decided  to 
employ  a  mounted  police  officer  for  as  long  a  time  as  the  appropriation  at 
their  disposal  would  permit.  The  short  experience  the  Board  has  had  with 
this  means  of  prevention,  has  convinced  it  of  its  value. 

Owing  to  the  occurrence  of  some  cases  of  small-pox  in  neighboring 
places,  the  Board  decided  to  open  three  stations  for  free  vaccination.  Fol- 
lowing is  a  list  of  vaccinations  done  up  to  the  close  of  the  year :  —  Station 
One,  seventy-one ;  Station  Two,  two  hundred  and  four ;  Station  Three, 
one  hundred  and  fourteen. 

An  unusual  prevalence  of  scarlet  fever,  or  of  diphtheria,  always  raises  a 
question  of  the  expediency  of  closing  the  public  schools.  Setting  aside 
the  fact  that  Boards  of  Health  have  not  this  power,  it  does  not  appear  as 
if  such  a  proceeding  would  answer  any  useful  purpose  in  the  majority  of 
cases  in  such  a  city  as  Cambridge.  Any  plan  calculated  to  control  effec- 
tively the  spread  of  such  diseases  as  scarlet  fever  and  diphtheria  must  in- 
clude the  following  measures  :  — 
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1.  Isolation.  Hospital  accommodation  will  be  reqaired  for  those  oases 
which  cannot  be  properly  isolated  at  home. 

2.  Disinfection.  Carpets,  bedding,  clothing  and  such  like  articles  can 
be  disinfected  by  steam.     This  requires  a  proper  plant. 

3.  Articles  of  little  value  that  have  been  exposed  to  contamination 
should  be  burned. 

4.  The  floor  and  woodwork  of  rooms  should  be  well  scrubbed  with  soap 
and  hot  water.  Walls,  ceilings,  chairs,  bedsteads  and  such  other  pieces  of 
furniture  should  be  thoroughly  wiped  with  damp  cloths,  and  the  cloths 
bomed. 

5.  Windows  should  be  left  open  for  several  days.  Fresh  air  and  sun- 
light are  among  the  most  effective  of  purifiers 

Burning  sulphur,  or  the  evolution  of  chlorine  fumes,  is  a  useful  adjunct, 
bat  they  cannot  take  the  place  of  the  measures  mentioned  above,  and  to 
rely  on  them  is,  in  our  opinion,  a  grave  mistake.  Disinfection  means  a 
process  by  which  disease-producing  micro-organisms  are  killed.  It  does 
not  mean  deodorization,  nor  does  it  mean  the  substitution  of  one  smell  for 
another  smell.  It  is  one  thing  to  kill  germs  in  a  test  tube ;  to  do  this  in  a 
room  with  all  its  cracks  and  comers  and  its  unavoidable  leakage  is  a  very 
different  business. 

The  mortality  per  1,000  living,  at  all  ages,  was  19.72. 

Chelsea. 

Under  the  act  of  1890,  which  was  accepted  by  the  city  council,  three 
hundred  and  sixty-eight  privies  have  been  abolished  this  year,  and  the  work 
will  be  continued  the  coming  year,  where,  in  the  judgment  of  the  Board,  it 
is  necessary. 

Owing  to  the  breaking  out  of  small-pox  in  Boston  it  was  thought  best, 
as  a  precaution,  to  advertise  free  vaccination,  which  began  the  twentieth  of 
December. 

COKCORD. 

It  was  thought  best  by  the  Board,  after  careful  consideration,  to  stop  all 
direct  drainage  into  the  river  in  this  town. 

Regulations  were  made  by  the  Board  relative  to  school  attendance  in 
time  of  prevalence  of  infectious  diseases. 

There  have  been  two  cases  of  glanders  in  this  town  the  past  year.  In 
both  of  these  cases  the  horses  have  been  killed  as  soon  as  a  positive  diag- 
nosis was  given  by  the  attending  veterinary. 

We  make  the  following  recommendations,  and  hope  the  town  will  take 
action  on  the  same :  — 

That  a  system  of  sewage  disposal  of  some  kind  other  than  the  present 
be  put  in  at  once. 

That  some  suitable  piece  of  land  be  bought  by  the  town  to  be  used  by 
the  inhabitants  of  this  town  as  a  dump.     Some  place  should  be  procured 
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far  enough  away  from  the  centre  of  the  town,  off  from  the  main  roads,  to 
which  every  one  should  cart  his  rubbish,  ashes,  tin  cans,  etc.  No  garb- 
age of  any  kind  should  be  allowed  to  be  damped  there,  and  the  place 
should  be  burned  over  once  or  twice  a  year.  The  places  now  used  are 
unsightly,  if  not  dangerous  to  public  health. 

That  the  board  of  health  of  this  town  consist  of  three  members,  one  of 
whom  to  be  elected  annually,  to  serve  three  years,  to  be  separate  and  dis- 
tinct from  the  selectmen. 

Cottage  Crrr. 

Daring  last  Aagust  oar  attention  was  called  to  the  condition  of  the 
waters  of  Lake  Anthony.  On  investigation  we  found  the  opening  through 
the  beach  to  the  sea  nearly  closed,  and  the  water  becoming  stagnant  had 
allowed  the  sea-grass  and  moss  to  grow  in  large  quantity.  Although  not 
unhealthy,  it  has  an  unpleasant  odor,  and  renders  unsightly  what  is  other- 
wise a  beautiful  sheet  of  water.  We  recommend  the  appropriation  of  a 
sum  not  exceeding  one  hundred  dollars  for  the  purpose  of  cleaning  the 
shore  of  the  lake  and  maintaining  a  sufficient  opening  to  the  sea. 

To  conform  to  the  requirements  of  chapter  195  of  the  Acts  and  Resolves 
of  the  year  1892  we  appointed  an  inspector  of  provisions  and  of  animals 
intended  for  slaughter  or  kept  for  the  production  of  milk. 

Dedham. 

There  has  been  a  great  increase  in  the  scarlet  fever  cases  over  previous 
years.  Considerable  care  has  been  taken  by  the  Board  to  prevent  the 
spread  of  this  disease,  and  the  scattered  and  wide  range  of  the  cases  ren- 
dered it  practically  impossible  for  the  Board  to  anticipate  results.  Many 
of  the  cases  were  traced  by  the  attending  physician  to  outside  sources,  and 
beyond  the  control  of  the  Board.  It  has  been  found  almost  impossible,  in 
some  cases,  to  make  the  parents  understand  the  value  of  implicitly  follow- 
ing the  instructions  given  by  the  attending  physician,  and  in  one  case  it 
became  necessary  to  enforce  directions  by  means  of  an  officer.  The  three 
deaths  were  all  in  one  family  where  the  cases  were  severest. 

The  reporting  of  the  cases  of  measles  has  heretofore  not  been  insisted 
upon.  The  value  of  such  a  report  is  chiefly  for  the  use  of  the  superin- 
tendent of  schools  in  relation  to  attendance  of  pupils  afflicted  or  exposed 
to  this  disease. 

A  large  proportion  of  the  complaints  made  to  the  Board  during  the 
previous  year  were  from  the  keeping  of  swine  in  the  more  thickly-settled 
portion  of  the  village.  It  was  found  difficult  to  allow  the  keeping  of  swine 
in  certain  localities  without  their  being  a  nuisance.  In  consequence  the 
Board  adopted  the  regulations  now  in  force,  prohibiting  the  keeping  of 
swine  within  the  more  settled  portions  of  the  village,  with  the  result  that 
the  complaints  and  nuisances  from  this  source  ceased.     Under  the  present 
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idea  that  a  wine  mast  be  kept  in  filth,  and  mire  the  Board  believes  that  the 
prohibition  of  their  keeping  in  the  closely-settled  portions  of  the  town  is 
the  only  method  whereby  this  naisanee  can  be  disposed  of  satisfactorily. 

The  town  must,  at  a  very  early  date,  take  the  question  of  sewerage 
seriously  under  consideration.  Each  year  the  demand  grows  more  impera- 
tive. It  needs  but  the  inspection  of  a  majority  of  cess-pools  in  this  town 
to  convince  one  of  the  necessity  of  a  more  sanitary  and  efficient  method. 
The  cost  of  caring  for  these  unsightly  and  unsanitary  receptacles  is  as 
great,  if  not  greater,  than  would  be  the  expense  to  the  town  of  an  efficient 
sewerage  system.  Many  cess-pools  are  becoming  choked  up,  and  are 
merely  cisterns  to  be  cleaned  out  often  at  great  expense  and  discomfort, 
or  else  allowed  to  overflow  as  a  continual  menace  to  health.  It  is  earnestly 
hoped  that  the  town  will  take  immediate  action  in  relation  to  the  sewerage 
question. 

In  accordance  with  chapter  477  of  the  Acts  of  1893  the  Board  has  pre- 
pared a  set  of  by-laws  for  the  consideration  of  the  town  in  relation  to  the 
regulation  of  plumbing  and  plumbers. 

A  matter  of  considerable  importance  has  been  brought  before  the  Board 
this  year  in  relation  to  the  better  drainage  of  Wigwam  meadows  and  Little 
Wigwam  swamp.  This  subject  has  been  before  the  town  for  many  years, 
and  has  been  reported  on  by  previous  boards  of  health  and  committees. 
While  such  reports  have  been  unanimously  in  favor  of  improving  this 
drainage,  little  has  been  done  in  this  direction  except  to  clear  a  ditch  from 
Wigwam  pond  to  the  river.  After  a  hearing  and  careful  examination  of 
the  locality  in  company  with  some  of  the  petitioners  the  Board  decided 
that  a  careful  survey  and  thorough  examination  of  the  swamps  and  facili- 
ties for  better  drainage  should  be  made  as  a  guide  for  a  proper  considera- 
tion of  the  subject.  In  accordance  with  this,  plans  and  a  report  with 
estimates  have  been  prepared  which  treat  the  whole  matter  in  an  exhaustive 
and  thorough  manner.     This  report  is  annexed  to  the  report  of  the  Board. 

East  Bridgewater. 
The  Board  has  visited  several  scarlet  fever  cases  this  year,  and  has  seen 
to  it  that  no  persons  passed  in  and  out  of  the  houses  where  such  cases 
existed,  except  those  who  were  absolutely  obliged  to  do  so.  We  have, 
also,  visited  several  horses,  and  have  condemned  one  as  affected  with 
glanders  and  ordered  him  disposed  of.  We  have  also  examined  and  quar- 
antined several  tuberculous  cattle,  and  shall  see  that  they  arc  also  properly 
disposed  of  before  their  milk  and  flesh  have  infected  healthy  human  beings. 
The  Board  has  also  corrected  several  extreme  nuisances. 

Easthampton. 
There  have  been  comparatively  few  complaints  of  the  existence  of  nui- 
sances as  compared  with  former  years.    People  generally  evince  a  readi- 


geDerall;  realize  that  it  is  for  their  owd  benefit  to  keep  their  premises  in  & 
neat  and  cleanly  manner. 

With  the  contemplated  and  partially  constructed  eewer  sjBtem  and  the 
introduction  of  an  abundaDce  of  pure  water  into  more  general  use  we  are 
confident  that  the  appearance  of  contagioaa  diseaaes  will  be  greatly 
lesaened. 

Everett. 

The  city  has  been  remarkably  free  from  Bummer  dtseaaes  of  cliildren. 
There  was  an  increase  in  the  number  of  cases  of  some  of  the  zymotic 
diseases.  Cards  have  been  put  on  the  houses  wherever  there  was  a  case 
of  diphtheria  or  scarlet  fever,  and  notice  sent  to  the  school  committee, 
public  library  and  State  Board  of  Health. 

Everett  is  a  city  of  new  houses.  It  will  be  a  matter  of  a  great  deal  of 
publio  importance  to  learn  how  many  persons  become  sick  with  consump- 
tion while  living  in  these  new  dwellings,  or,  in  case  of  death  from  that 
disease,  to  learn  if  the  person  was  afflicted  before  coming  here.  The 
Board  has  taken  steps  to  obtain,  as  far  as  possible,  and  record  these 
facts. 

The  Board  has  fumigated  houses  after  contagious  diseases  when  requested 
to  do  so.  As  the  disinfecting  done  by  householders  is,  in  roost  cases, 
worse  than  useless,  since  it  is  often  thought  that  the  burning  of  one  or  two 
ounces  of  sulphur  has  destroyed  all  germs  and  no  further  precautions  are 
necessary,  the  Board  voted  that,  beginning  with  Jan.  I,  1894,  all  hOQseB 
where  contagious  diseases  had  occuiTed  should  be  disinfected  by,  or  nnder, 
the  personal  direction  of  the  Board  or  its  agent. 

Fall  River. 
It  is  especially  gratifying  to  note  that  the  exceptional  decreaae  in  typhoid 
fever  cases  obsen'ed  in  the  returns  for  the  year  1892  has  been  maintained 
during  the  year  1893.  The  sanitary  education  of  our  citizens  is  undoubt- 
edly making  great  improvement.  Thelimitationof  the  spread  of  contagious 
diseases  has  been  helped  very  much  by  the  fact  that  early  in  the  year  tbiB 
Board  adopted  tiie  system  of  immediately  placarding  every  bouse  in  which 
a  case  of  scarlet  fever  or  diphtheria  was  reported  to  exist,  and  ordering 
that  the  cards  remain  in  place  until  two  weeks  after  the  recovery,  removsl 
or  death  of  such  patient  or  patients.  We  would  recommend  that,  even 
■  though  we  have  no  reason  to  be  apprehensive  of  a  cholera  visitation)  ^ 
house-to-house  inspection  every  spring  would  result  in  a  benefit  to  tbe 
public  health,  fully  justifying  the  necessary  outlay.  It  is  our  opinion  that 
provision  should  at  once  be  made  for  an  annual  visitation  of  this  kind- 
We  know  that  such  a  yearly  stirring  up  and  cleaning  of  the  city  is  abso- 
lutely necessary.     Experience  has  taught  us  that  it  is  only  by  such  system- 
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atic  inspections,  the  soarces  of  all  naisances  can  be  successfully  located 
and  the  city  kept  in  a  thorough  sanitary  condition. 

Number  of  live  cattle  examined, 1,825 

Number  of  live  cattle  examined  and  reported  as  unfit  for  food  or  food 

supply, 6 

Number  of  meat  carcasses  examined, 26 

Number  of  meat  carcasses  examined  and  destroyed, 15 

The  following  is  a  summary  of  the  work  accomplished  in  the  oflSce  of  the 
Inspector  of  Plambing  during  the  year  just  ended :  — 

Number  of  plans  filed, 471 

Number  of  new  houses, 268 

Number  of  recoDStructions, 208 

Number  of  approvals, 425 

Number  of  inspections, 1,899 

FrrcHBURG. 

During  the  past  year  the  city  has  been  visited  with  one  of  the  most  ex- 
tensive epidemics  of  measles  in  its  history,  there  being  592  cases  reported 
to  the  Board.  The  disease  was  not  of  a  severe  form,  and  the  number  re- 
ported did  not  express  the  total  number  of  cases.  It  began  in  January 
and  rapidly  increased  until  May,  when  270  cases  were  reported.  It  as 
rapidly  declined  during  the  summer,  and  in  August  only  one  case  was 
reported. 

In  regard  to  diphtheria  the  number  of  cases  was  ten,  and  was  below  the 
average  for  the  past  four  years,  during  which  time  the  records  have  been 
carefully  kept,  the  average  being  14.5  for  the  period.  The  cases  showed 
a  milder  form  than  usual,  there  being  only  three  deaths,  one  of  which  was 
called  croup.  The  largest  number  of  cases  occurred  in  the  first  three 
months  of  the  year,  conforming  to  the  average  for  four  years. 

There  were  twenty- eight  cases  of  scarlet  fever  reported,  as  compared 
with  fifty-one  for  1892,  and  an  average  of  sixty  cases  for  the  four-year 
period.  The  cases  were  unusually  light,  no  deaths  from  the  disease  being 
recorded.  The  largest  number  of  cases  reported  was  in  June.  This  does 
not  conform  to  the  average  for  four  years,  during  which  time  the  largest 
number  of  cases  have  been  reported  during  the  first  months  of  the  year, 
February  showing  the  largest  number  of  any  single  month. 

During  the  year  just  past  there  have  been  twenty-three  cases  of  typhoid 
fever  reported,  the  largest  number  for  four  years,  and  six  more  than  in 
1892,  when  seventeen  cases  were  reported.  There  were  four  deaths  re- 
ported as  compared  with  none  for  1892.  The  largest  number  of  cases 
occurred  in  September.    A  comparison  of  the  records  for  the  four  years 
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past  shows  but  few  cases  occurring  during  the  first  six  months  of  the  year, 
July,  September,  October  and  November  showing  the  largest  number. 

The  house-offal  teams  have  been  continued  in  the  work  of  collecting 
swill  as  in  the  previous  four  years,  doing  good  work  in  promoting  cleanli- 
ness of  the  city.  During  the  past  year  363  cords  of  house  offal  have  been 
collected  and  carried  to  the  place  of  deposit. 

The  rules  relating  to  plumbing  have  been  carefully  revised  to  keep  pace 
with  the  science  of  plumbing  and  house  drainage.  The  result  of  the  work 
of  the  Board  for  the  past  year  shows  a  vast  improvement  in  the  quality  of 
plumbing  work,  and  still  better  results  are  hoped  for  the  coming  year. 


Comphiints  received, 
Privy  vaults  discontinued, 
Plumbing  jobs  inspected, 
New  water-closets  inspected,  . 
Houses  fumigated  or  instruction  given, 


272 
114 
362 
513 
181 


Framingham. 

Fifty-five  complaints  of  existing  nuisances  have  been  made  to  the  Board 
during  the  past  year,  all  of  which  have  been  attended  to  and  abated  as  far 
as  was  thought  best.  The  owners  of  fifty-three  tenements  have  been 
ordered  to  connect  them  with  the  public  sewer. 

Gardner. 

Realizing  the  great  importance  of  milk  as  an  article  of  food,  eai-ly  dor- 
ing  the  past  season  we  requested  the  co-operation  of  some  of  our  neighbor- 
ing towns  in  a  closer  inspection  of  the  milk  that  was  being  delivered  in  this 
town ;  failing  in  this,  we  would  recommend  that  no  person  be  granted  a 
license  to  sell  milk  in  Gardner  unless  such  person  furnish  an  acceptable 
certificate  of  cattle  inspection. 

The  work  of  the  cattle  inspectors  during  the  year  has  added  much 
toward  the  improvement  of  the  milk.  They  examined  thirty-three  herds, 
three  herds  more  than  last  year.  Some  cows  were  examined  five  times. 
The  inspectors  condemned  and  caused  to  be  killed  eight  cows,  and  con- 
demned four  carcasses.  At  the  present  time  all  the  cows  in  town  are 
considered  in  very  good  condition. 

We  would  earnestly  recommend  to  every  family  who  depend  on  wells  for 
their  supply,  or  for  the  supply  of  their  cattle,  to  use  the  greatest  possible 
care  of  their  wells,  and  avoid  all  possible  contamination  from  cesspools, 
water-closets  and  barns,  or  other  filthy  matter.  By  doing  so  they  will  in  a 
great  measure  protect  themselves  from  typhoid  fever. 

We^^have  to  report  quite  an  extensive  epidemic  of  typhoid  fever,  but 
rather  mild  in  its  character,  and  fortunately  resulting  in  only  one  death. 
We  believe  that  had  the  Board  known  earlier  the  existing  circumstances 
this  epidemic  might  have  been  somewhat  lessened.     As  soon  as  the  Board 
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investigated  and  found  the  source  of  infection  the  epidemic  was  confined 
to  a  very  small  radius,  and  soon  brought  under  control.  It  resulted  from 
impure  milk  occasioned  by  impure  water. 

Gloucester. 

One  hundred  and  ninety-three  nuisances  received  attention.  All  bona 
Jide  nuisances  have  been  abated  where  possible,  but  in  a  city  without 
sewerage  it  is  occasionally  advisable  to  be  very  lenient,  especially  where 
some  neighboring  quarrel  seems  to  have  been  the  animus  of  the  complaint, 
which  sometimes  appears  to  be  the  case. 

If  sewerage  is  not  soon  adopted  the  city  must  resort  to  some  method  less 
objectionable  than  the  present  method  of  disposing  of  night-soil  and  sink- 
waste. 

Great  Harrington. 

During  the  year  the  selectmen,  acting  as  a  board  of  health,  have  been 
notified  of  twenty-seven  cases  of  scarlet-fever,  of  which  but  one  proved 
fatal ;  and  four  cases  of  diphtheria,  of  which  number  two  cases  proved 
fatal.  The  board  adopted  the  usual  sanitary  measures  of  precaution  in 
such  cases.  We  believe  that  the  cause  of  many  of  these  cases  exists  in  the 
carelessness  on  the  part  of  individual  families  in  the  disposal  of  garbage  and 
neglect  to  keep  the  dwellings  properly  cleaned.  Dirt  and  refuse  matter  are 
two  great  enemies  to  public  health,  and  we  cannot  urge  too  strongly  the 
importance  of  an  observation  of  the  utmost  care  in  these  measures. 

Greenfield. 

The  Board  feels  that  the  most  impoitant  matter  they  have  to  recommend 
to  the  careful  consideration  of  the  town  is  the  subject  of  sewers.  This  is  a 
very  broad  subject  and  difficult  and  impossible  for  us  to  treat  in  the  thor- 
ough manner  that  it  demands.  Our  present  system,  if  system  it  can  be 
called,  is  totally  inadequate  for  the  needs  of  our  growing  town ;  many  sec- 
tions are  entirely  unprovided  for,  and  many  other  sections  where  there 
already  is  a  public  sewer,  suffer  great  expense  and  inconvenience  at  the 
time  of  a  heavy  rainfall,  owing  to  the  inability  of  the  tile  to  carry  off  the 
large  amount  of  surface  water  that  is  thrown  ipto  it,  and  in  consequence 
cellars  are  flooded.  This  difficulty  is  experienced  more  or  less  throughout 
the  whole  town  and  sooner  or  later  the  surface  water  will  have  to  be  taken 
care  of  in  some  other  way. 

Haverhill. 

The  appointment  of  an  inspector  of  plumbing  has  been  a  great  relief  to 
the  agent,  and  great  public  good  will  be  the  outcome,  for,  as  we  have 
already  stated  in  previous  reports,  it  is  found  impossible  for  the  agent,  in 
addition  to  his  other  duties,  to  give  this  branch  of  the  sanitary  service,  so 
extremely  important,  the  attention  and  careful  supervision  that  it  should 
have.     Plumbers  are  now  required  to  test  their  work  by  water  pressure  in 


the  presence  of  the  inspector,  which  girea  &  mach  more  tborougb  and  sabB-  \ 
factory  inspection.  The  record  shows  that  three  hundred  jobs  of  plambing  | 
(new  and  remodelled)  have  been  inspected  last  year. 

NuUanees  Investigated  During  the  Year. 

Garbage  collected,  loads 1^30 

House  sewerage  defecdve, 42 

Plumbing  defective, 30 

Frivy-Tanlta  full  and  offeDsive, 13S 

Privy-Taolts  cleaned 300 

Privy-Taulto  removed, 1*2 

Whole  number  of  privy-Vaults  removed  since  188S,                .        .  1,002 

The  general  health  of  the  city  during  the  year  has  been  excellent.  No 
fatal  epidemic  has  visited  the  city. 

The  faithfulness  and  care  with  which  contagions  diaeaaes  are  reported  by 
physicians  speak  well  for  the  interest  in  their  profession  and  in  the  public 
welfare.  Notwithstanding  the  wide  publicity  that  has  been  given  to  tbe  lav 
that  requires  bonsebolders  as  well  as  physicians  to  report  dangerous  COD- 
tagious  diseases  to  the  Board  of  Health,  some  cases  occur  where  the  disease 
is  30  mild  that  the  children  are  hardly  considered  ill  enough  to  be  put  to 
bed,  and  consequently  no  physician  is  called  and  no  report  comes  to  the 
Board.  Thus  do  efforts  are  made  to  prevent  its  spread,  and  great  dam^e 
is  liable  to  be  done  in  consequence  by  spreading  the  disease  in  tbe  neigh- 
borhood in  a  malignant  form. 

HiNGHAH. 

Early  in  August,  complaints  having  reached  the  Board  regarding  a  tallow 
factory  at  Fort  Hill,  representatives  of  the  Board  visited  tbe  establishment, 
which  they  found  in  a  filthy  condition. 

Tbe  business  seemed  necessarily  to  give  rise  to  offensive  odors,  and 
although  the  health  of  the  community  should  always  be  paramount  to  the 
pecuniary  interest  of  any  individual  or  firm,  at  the  earnest  request  of  the 
proprietor  a  further  time  was  granted  on  the  plea  that  the  business  bad  but 
recently  been  established  and  the  firm  had  been  unable  to  put  their  mann- 
factory  into  proper  shape.  The  claim  was  also  made  by  the  proprietors 
that  they,  by  undei^oing  a  larger  expense,  could  use  apparatus  by  which 
all  offensive  odors  would  be  destroyed.  They  promised  to  introduce  such 
machinery  at  once,  and  an  opportunity  was  given  tbem  to  malce  such 
changes. 

The  establishment  was  several  times  visited  by  members  of  the  Board,  to 
watch  the  results  of  any  changes  made  by  the  proprietors.  On  September 
22,  DO  better  results  having  been  obtained,  the  business  was  declu^a 
nuisance  by  this  Board,  and  they  were  ordered  to  close  their  works  atowKt 
which  order  was  promptly  obeyed. 
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HOLTOKE.  * 

The  past  year  throughout  the  city  has  been  fairly  healthy.  None  of  the 
contagions  diseases  have  prevailed  at  any  time  to  an  alarming  extent. 
Although  there  were  numerous  cases  of  diphtheria  and  scarlet  fever  during 
the  first  four  months  of  the  municipal  year  just  ended  the  number  of  cases 
during  the  rest  of  the  year  and  at  present  is  much  below  the  average. 

Small-pox  again  appeared  in  our  midst  during  the  month  of  September. 
Although  limited  to  a  single  block,  it  attacked  three  persons,  all  of  whom 
recovered  after  a  more  or  less  protracted  stay  at  the  pest-house.  Here 
again  the  city  physician  desires  to  call  your  attention  to,  and  to  emphasize 
a  recommendation  of  the  Board  of  Health,  viz.,  that  there  be  a  general 
vaccination.  The  Board  of  Health  calls  your  attention  to  a  deficiency  in 
the  heating  apparatus  at  the  pest-house.  That  such  a  deficiency  exists 
was  only  too  apparent  during  the  stay  of  the  recent  cases,  and,  added  to 
this,  was  a  failure  in  the  water  supply.  The  water  at  the  pest-house,  ob- 
tained from  a  well  sunk  beneath  the  kitchen,  has  always  been  of  a  very 
poor  quality,  but  this  year  it  became  so  impure  it  had  to  be  discarded  even 
for  washing  purposes. 

We  have  been  remarkably  free  from  typhoid  fever  during  the  entire 
year. 

The  Board  this  year  as  heretofore  reconmiends  that  all  the  alleys  be 
graded,  and  that  those  between  our  principal  business  streets,  through 
which  heavy  truck-teams  pass,  be  paved  with  stone,  brick  or  any  other 
material  which  seems  proper. 

Hudson. 

The  greatly  increased  number  of  calls  to  look  after  nuisances  caused  by 
the  disposal  of  waste  water,  has  convinced  the  Board  that  the  time  has 
come  when  the  town  ought  to  take  initial  action  with  regard  to  a  system  of 
sewerage.  When  all  the  water  used  by  consumers  is  pumped  or  drawn 
from  wells,  the  quantity  used  may  be  easily  disposed  of  in  cesspools,  and 
taken  care  of  by  the  surrounding  earth  without  danger  of  infection,  if  the 
cesspools  are  emptied  and  cleaned  periodically.  Or,  if  the  waste  water  is 
discharged  into  natural  waterways,  it  may  cause  no  nuisance  in  a  sparsely 
settled  locality,  or  if  there  are  only  a  few  discharge  pipes.  But,  when  an 
abundant  supply  is  furnished  by  the  town  water- works,  and  its  use  is  almost 
universal,  the  quantity  used  is  so  much  increased,  that  it  is  only  a  question 
of  time  when  the  earth  about  cesspools  will  become  saturated  with  water, 
and  entirely  filled  with  decomposing  filth.  And  this  condition  will  be 
found,  not  only  on  one  man's  premises,  but  in  entire  neighborhoods,  grow- 
ing worse  constantly  as  they  become  more  thickly  settled. 

The  Board  would  recommend  the  voters  to  take  action  by  appointing  a 
committee  to  consider  the  question  of  a  sewerage  system,  with  authority  to 
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consult  the  State  Board  of  Health  and  obtain  their  advice  and  instnictions, 
and  with  authority  to  etnploy  a  competent  civil  engineer  to  make  surveys, 
plans  and  estimates  for  a  complete  system  of  sewerage,  and  take  any  action 
necessary  to  make  a  full  report  to  the  town  on  the  subject  at  some  subse- 
quent meeting. 

Ipswich. 

In  regard  to  the  sanitary  condition  of  the  town,  the  people,  generally, 
have  complied  with  the  requirements  of  the  Board,  and  in  no  case  where 
we  have  ordered  a  nuisance  abated  have  we  had  any  trouble  or  had  to  re- 
sort to  legal  measures. 

In  regard  to  contagious  diseases  amongst  the  cattle  in  the  town  we  will 
state  the  following:  the  selectmen  appointed  a  cattle  inspector,  and  the 
Board  of  Health  also  appointed  him  as  their  agent  giving  him  full  power 
to  act  for  them,  and  he  has  faithfully  attended  to  his  duties.  The  whole 
number  of  cattle  inspected  by  him  was  eleven  hundred  and  four,  and  he 
ordered  nineteen  of  this  number  quarantined  as,  in  his  opinion,  they  were 
diseased,  and  notified  this  Board  of  his  doings.  The  State  Cattle  Commis- 
sioners were  at  once  notified  in  regard  to  same,  who  came  and  examined 
them  and  ordered  the  killing  of  eight  which  were  sick  with  tuberculosis, 
and  their  carcasses  were  properly  buried. 

Lawrence. 

Six  hundred  and  seventy-four  vaults  have  been  abolished  since  Jan.  1, 
1889.  There  have  been  2,184  water-closets  placed  in  buildings  where 
vaults  have  been  abolished. 

During  the  year  19,714  loads  of  garbage  have  been  removed,  an  increase 
of  4,376  over  1892.  Realizing  the  necessity  of  a  different  method  of  dis- 
posing of  the  waste  matter,  the  Board  has  recommended  that  some  provi- 
sion be  made  to  dispose  of  this  material  in  a  satisfactory  manner. 

There  has  been  an  alarming  prevalence  of  scarlet  fever  during  the  year, 
and  the  percentage  of  fatalities  greater  than  formerly. 

More  cases  of  measles  have  been  reported  than  ever  before,  forty-six 
cases  coming  in  during  one  week.  The  fatalities  have  been  small,  only 
three  out  of  sixty  cases  resulting  fatally.  Diphtheria  has  not  been  very 
prevalent.  During  the  December  vacation,  3,200  school  children  were 
vaccinated  by  the  ward  physicians.  We  were  pleased  at  the  ready  response 
from  the  agents  of  the  corporations  as  we  found  that  vaccination  was  being 
carried  on  in  a  very  systematic  manner. 

We  have  had  five  cases  of  glanders  in  horses  and  seven  cases  of  tuber- 
culosis in  cattle,  which  were  pronounced  such  by  the  Cattle  Commissioners. 

Lexington. 

The  Board  has  made  several  oflScial  tours  of  inspection ;  among  them 
was  the  inspection  of  the  several  hotels  and  private  boarding-houses,  and 
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we  are  pleased  to  state  that,  with  few  ezceptiODS,  the  sanitary  conditions 
were  good.  The  inspection  of  some  of  the  numerous  newly  built  houses 
was  not  BO  assuring ;  indeed,  the  systems  of  house  drainage  in  many  of 
them  were  alarming.  One  case,  for  instance,  may  be  cited  :  a  double  tene- 
ment ;  no  water  supply  except  from  well  dangerously  near  drain ;  untrapped 
sinks  discharging  into  an  open  tank  in  cellar,  contents  of  which  were  used 
to  flush  closet;  without  vent;  useless  trap;  cesspool  twenty-eight  feet 
from  house.  It  would  almost  seem  that  the  ingenuity  here  displayed  tended 
ODly  toward  one  result,  —  the  death  of  the  occupants. 

Some  years  ago  the  question  of  a  sewerage  system  for  the  town  was 
agitated  to  the  extent  of  the  appointment  of  a  committee,  the  investigation 
of  different  schemes  was  initiated,  and  even  the  engineer's  survey  obtained. 
This  subject,  so  vital  to  the  interests  of  the  town,  seems  to  have  passed  into 
oblivion ;  nothing  is  heard  of  it  except  now  and  then  a  few  desultory  re- 
marks on  the  matter.  It  is  hoped  that  this  subject  is  not  entirely  forgotten, 
for  if  forgotten  and  neglected  there  will  be  a  rude  awakening,  perhaps 
within  a  few  years. 

Lowell. 

During  the  year  1893,  twenty-five  thousand  five  hundred  and  thirty-seven 
(25,537)  loads  of  ashes  were  removed  from  houses  and  stores  to  the  vari- 
ous dumping-grounds. 

Late  in  the  year  1892,  the  Engle  cremator  was  completed  so  that  for  the 
year  covered  by  this  report  it  has  been  in  use,  destroying  about  one-half 
of  the  garbage  of  the  city.  Owing  to  the  usual  friction  that  all  new  un- 
dertakings have  to  overcome,  it  was  not  until  April  that  a  complete  system 
of  account  was  commenced.  Since  April  every  pound  of  swill  consumed 
and  every  pound  of  coal  used  has  been  weighed  daily  so  that,  estimating 
the  amount  burned  the  first  three  months  of  the  year  and  adding  to  it  the 
amount  weighed  for  the  last  nine  months,  we  have,  say  3,500  tons  of  swill 
consumed  for  the  year  1893,  beside  the  miscellaneous  articles  enumerated 
in  the  table  printed  herewith :  — 

Three  thousand  five  hundred  tons  swill  and  market  refuse  burned. 
Four  horses. 
Seventy  cats. 
Sixty-three  dog's. 

Two  hundred  and  fifteen  mattresses. 
Four  hens. 
Seven  rabbits. 
One  raccoon. 

Three  loads  and  one  barrel  infected  clothing  (sraall-pox). 
Seven  loads  infected  clothinor  (diphtheria). 

Seventy-seven  thousand  one  hundred  and  sixteen  pounds  paper  burned  on  ground 
in  rear  of  cremator. 
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The  opinioii  of  the  Board,  after  the  experience  of  the  year  with  the 
Engle  cremator  is  briefly  this :  Under  no  circumstances  would  it  be  willing 
to  return  to  the  old  method  of  swill-house  distribution  to  farmers,  and  it  is 
also  convinced  that  cremation  of  the  garbage  is  more  satisfactory  to  the 
inhabitants  of  a  city  than  the  rendering  process.  The  cost  of  burning 
garbage  at  Engle  cremator,  from  Jan.  1,  1893  to  Dec.  31,  1893,  was 
$7,670.77. 

The  Board  caused  a  thorough  inspection  of  the  water-shed  of  River 
Meadow  brook  to  be  made,  and  the  results  are  such  as  to  demand  prompt 
remedial  and  preventive  action. 

The  work  of  inspecting  the  tenement  houses  of  Lowell  in  a  thorough 
and  systematic  way  has  been  commenced  this  year,  and  so  far  the  results 
have  been  very  satisfactory ;  but  the  great  value  of  the  inspection  will  come 
in  later  years,  as  from  the  records  made  and  kept  by  the  library  system,  an 
inspector  can  turn  to  them  at  any  time  and  find  the  condition  of  any  house 
in  the  city  so  far  as  relates  to  plumbing,  drainage  and  ventilation,  and  wiU 
then  only  have  to  keep  watch  that  the  premises  are  kept  clean  and  in  repair. 

From  June  27  to  September  16,  there  were  14,918  baths  taken  by  men 
and  boys,  a  decrease  from  1892  of  8,347,  but  it  is  explained  by  the  fact 
that  more  than  that  number  used  the  house  to  put  their  clothes  in,  and  then 
came  outside  and  swam  in  the  river. 

Lynn. 

The  Board  of  Health  appointed  an  inspector  of  plumbing  under  the  pro- 
visions of  chapter  477,  Acts  of  1893. 

Under  the  provisions  of  a  special  act  of  May  4,  1893,  chapter  313 
(1893),  the  Board  of  Health  of  Lynn  was  authorized  to  appoint  an  ^'in- 
spector of  provisions,  and  of  animals  intended  for  slaughter  or  kept  for  the 
prodaction  of  milk,  who  should  also  be  an  inspector  of  milk,  butter,  cheese 
and  vinegar." 

Each  of  the  oflScials  appointed  under  these  acts  contributes  a  full  report 
of  his  transactions. 

The  Board  recommends  the  following  amendments  to  the  milk  laws :  — 

1.  That  the  cost  of  analysis  be  charged  as  court  costs. 

2.  That  boards  of  health  be  vested  with  power  to  revoke  licenses. 
The  failure  of  the  city  government  to  carry  out  our  recommendations  or 

to  adopt  a  system  for  the  disposal  of  garbage  and  night-soil  placed  the 
Board  in  the  predicament,  on  April  20,  of  having  no  place  to  dump  that 
material,  or  otherwise  dispose  of  the  same  by  cremation  or  extraction. 
To  relieve  the  situation  the  city  purchased  the  land  about  the  outfall  sewer, 
and  we  entered  into  contract  with  an  excavating  company  and  had  a  tem- 
porary basin  dredged  for  the  scow  on  land  alongside  the  oatfall  sewer  at 
West  Lynn.  A  dock  was  also  constructed  with  a  small,  frame  building 
thereon.     The  disposition  of  offal  by  loading  it  into  the  scow,  towing  it 
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twelve  miles  oat  to  sea  and  there  dumping  it  in  deep  water,  was  inanga- 
rated,  and  has  proven  a  success. 

Twelve  trips  have  been  made  and  1 ,486  tons  of  offal  so  disposed  of,  with- 
out accident  or  a  single  complaint,  at  a  cost  of  ninety-four  cents  per  ton 
for  labor,  towage  and  expense  of  repairs.  We  shall  pursue  this  method 
until  the  city  council  adopts  some  other  and  better  one.  We  recommend 
the  immediate  purchase  of  another  scow.  The  dump  at  West  Lynn  was 
abandoned  on  the  expiration  of  the  lease,  April  20,  and  no  garbage  was 
placed  thereon  after  that  date. 

The  Board  requested  that  immediate  steps  be  taken  by  the  city  council 
to  provide  suitable  accommodations  for  persons  affected  with  contagious 
diseases. 

Marblehead. 

The  health  cart  is  one  of  the  most  important  institutions  in  our  town, 
and  we  hope  has  come  to  stay  both  summer  and  winter.  Two  thousand 
loads  of  refuse  matter  have  been  collected  the  past  year.  To  find  per- 
sons who  will  look  after  this  refuse  and  see  that  it  is  properly  covered  has 
caused  the  Board  considerable  trouble.  We  suggest  that  the  town  set  aside 
a  place  to  be  used  as  a  dump  in  case  there  were  no  individuals  who  cared 
to  take  it. 

We  suggest  that  our  town  should  employ  a  health  officer  to  investigate 
nuisances,  post  notices,  inspect  meat,  milk  and  water,  attend  to  the  fumi- 
gating of  all  places  where  infection  exists,  and  who  would  be  in  many  ways 
of  great  service  and  value. 

Marlborough. 

In  parts  of  our  city  where  the  health  of  our  citizens  was  in  danger,  and 
along  the  banks  of  brooks,  during  the  past  two  years,  this  Board  through 
its  agent  has  enforced  connections  with  the  public  sewer  under  the  powers 
granted  in  the  Public  Statutes,  chapter  132  of  the  Acts  of  1890.  The 
agent  of  the  Board  reports  that  two  hundred  and  sixty-seven  buildings 
have  been  plumbed ;  one  hundred  and  fifty-one  cases  where  alterations  or 
additions  have  been  made  in  the  plumbing ;  making  a  total  of  four  hundred 
and  eighteen  inspected  and  approved  by  him.  It  is  evident  from  the  num- 
ber of  inspections  made  that  the  people  are  mindful  of  the  economic  and 
sanitary  advantages  of  the  public  sewer.  The  enforcement  of  our  regula- 
tions governing  plumbing  worked  to  the  advantage  of  all. 

Many  nuisances  that  have  been  a  bugbear  to  every  Board  of  Health  for 
years  past  have  disappeared  entirely  since  the  house  drainage  in  these  lo- 
calities has  been  conducted  to  the  sewer.  Cards  calling  attention  to  the 
regulation  restraining  persons  from  making  the  vacant  land  of  the  city  a 
nuisance,  were  posted  wherever  there  seemed  to  be  a  cause  of  complaint. 

In  August  a  case  of  rabies  appeared  in  town.  A  dog  with  a  disease  of 
doubtfol  diagnosis  was  killed  by  the  police.    The  mayor  with  a  represents- 
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tiye  of  the  Board  of  Health  agreed  to  request  Dr.  Ernst  of  the  Harvard 
Medical  School  to  decide  by  inoculation  experiment  whether  the  disease  of 
the  supposed  mad  dog  was  actually  hydrophobia.  The  result  of  the  exper- 
iments proved  that  the  dog  was  afflicted  with  the  genuine  disease,  and 
proved  the  wisdom  of  muzzling  all  the  city  dogs.  No  more  cases  appeared 
though  several  dogs  were  said  to  have  been  bitten  by  the  diseased  dog. 

Matnard. 

The  Board  has  encountered  a  greater  obstacle  in  trying  to  educate  a  cer- 
tain class  of  people  to  understand  that  it  is  necessary  to  flag  a  house  where 
there  is  scarlet  fever  and  cause  the  flag  to  remain  displayed  for  a  proper 
and  legal  length  of  time.  They  also  have  seemed  to  think  they  were  doing 
the  Board  a  great  favor  by  allowing  the  flag  to  be  attached  to  the  house  at 
all,  and  as  soon  as  the  case  is  able  to  sit  up,  ^'  although  then  probably  in 
the  most  contagious  stage,"  display  more  or  less  disposition  to  resent  the 
idea  that  it  is  ,then  highly  necessary  that  the  quarantine  should  remain 
longer.     This  condition  can  only  be  overcome  by  education. 

Medford. 

Sixty-one  nuisances  have  been  reported  to  this  Board  during  the  year. 
All  have  been  carefully  investigated  and  abated. 

In  each  case  of  diphtheria,  measles,  scarlet  fever  and  typhoid  fever,  the 
clerk  has  notified  the  school  committee  and  librarian  of  the  public  library. 

The  work  on  our  local  sewage  system  should  be  pushed  to  completion  as 
rapidly  as  possible,  so  that  we  may  be  rid  of  that  increasing  and  menac- 
ing danger,  the  saturation  of  the  ground  with  sewage.  Since  the  collection 
of  ashes,  swill  and  garbage  has  been  under  the  direct  care  of  the  city,  and 
the  contract  system  abolished,  the  work  has  been  done  in  a  thorough, 
cleanly  and  efficient  manner,  and  the  results  are  highly  satisfactory  to  this 
Board.  With  the  same  arguments  we  have  used  in  the  past,  in  favor  of 
the  collection  by  the  city  of  ashes  and  swill,  we  would  now  earnestly  rec- 
ommend that  night-soil  be  collected  in  the  same  manner. 

Melrose. 

More  than  one  hundred  and  fifty  nuisances  and  complaints  have  received 
attention  from  the  Board.  The  sources  of  nuisance  or  complniut  have 
most  frequently  been  neglected  cesspools  and  offensive  privies,  but  also 
imperfect  traps,  or  total  absence  of  them,  and  defective  sink  drains. 

The  former  method  of  return  to  school  by  children  recently  recovered 
from  contagious  diseases,  has  been  by  permits  given  by  the  Board,  based 
upon  the  attending  physician's  certificate  of  recovery.  But  that  method 
having  often  proved  troublesome  to  parents,  a  more  direct  plan  is  now  em- 
ployed, of  permits,  based  as  above,  but  issued  by  the  chief  of  police,  as 
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ftgent  of  the  Board  of  Health ;  so  that  the  same  oflScer,  who  by  order  of  the 
Board,  removes  the  card,  also  issaes  the  permit  to  retarn  to  school. 

Last  spring,  in  consequence  of  the  threatened  invasion  of  cholera,  we 
instituted  a  thorough  inspection,  by  a  special  police  officer,  of  the  entire 
central  part  of  the  village.  He  inspected  carefully  every  yard,  and  when- 
ever any  clearing  up  was  found  necessary,  he  left  in  the  hands  of  the  resi- 
dent a  plainly  printed  notice,  specifying  the  work  to  be  done,  and  the  time 
within  which  it  must  be  done,  —  usually  five  days.  This  course  of  inspec- 
tion was  faithfully  performed,  and  we  believe  much  good  was  done  by  it, 
often  cutting  short  a  nuisance  which  would  soon  have  become  serious. 
This  work  of  spring  inspection  has  been  done  now  for  two  years,  and  the 
influence  has  been  so  salutary,  that  it  may  become  necessary  to  establish  it 
as  a  permanent  line  of  sanitary  action. 

The  passage  by  the  last  Legislature  of  Act  477,  ^^  relative  to  the  licensing 
of  plumbers,  and  the  supervision  of  plumbing,"  has  received  the  required 
attention  from  us.  In  compliance  with  section  3  of  said  act,  requiring  the 
Board  of  Health  to  appoint  the  third  member  of  the  board  of  examiners  of 
plumbers,  we  appointed  to  that  position  a  gentleman  well  versed  in  both  the 
science  and  practice  of  house  sanitation  and  plumbing.  In  accordance 
with  the  requirement  of  section  5,  that  the  Board  appoint  an  inspector  of 
plumbing,  we  appointed  the  same  gentleman  to  this  office,  which  is  in  fact 
a  dependency  of  the  former  position. 

MiLFORD. 

We  report  but  one  fatal  case  of  diphtheria,  and  the  circumstances  con- 
nected with  it  demand  recognition  in  this  report.  The  physician  in  attend- 
ance could  not  have  recognized  the  character  of  the  case  in  its  incipient 
stages,  or  there  was  great  remissness  in  reporting  it  to  the  Board  of  Health. 
He  was  prosecuted  for  neglect  of  professional  duty,  under  the  statute.  The 
case  was  ^'  placed  on  file."  We  believe  the  prosecution  was  demanded,  and 
will  result  in  much  better  protection  of  the  town  against  contagious  diseases. 

A  thorough  and  free  vaccination  of  the  unprotected  has  been  carried  out. 
The  Board  has  vaccinated  about  eight  hundred,  and  protection  according  to 
the  statute  has  been  more  thorough  than  ever  before. 

It  may  be  well  again  to  make  mention  of  the  great  importance  of  a  sys- 
tem of  general  sewerage  of  the  town  of  Milford.  Increased  population, 
health  and  wealth  will  be  the  result.  Without  it,  any  great  progress  is  im- 
possible. 

MiLLBURT. 

The  cases  of  diphtheria  were  very  widely  separated  and,  with  one  excep- 
tion, away  from  the  densely  settled  part  of  the  town.  The  causes  were 
generally  not  well  defined,  though  in  some  cases  bad  house  drainage  seemed 
probably  responsible.  Communication  from  a  previous  case  was  plain  in 
two  instances,  one  case  soon  following  another  in  the  same  family. 
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The  cases  of  scarlet  fever  were  also  widely  separated  as  to  families 
affected,  and  there  has  not  been  a  general  epidemic,  all  the  cases  having 
occurred  in  but  six  different  houses. 

The  occurrence  of  five  cases  of  typhoid  fever  on  one  street  and  within  a 
short  radius  would  seem  to  imply  some  local  contamination,  but  no  obtain- 
able evidence  could  satisfactorily  explain  the  origin  of  the  disease.  Chem- 
ical examination  of  well  waters  furnished  little  light,  but  since  the  disease 
is  generally  believed  to  be  of  bacterial  origin,  it  might  well  happen  that  a 
chemical  analysis  would  give  entirely  negative  results.  The  milk  supply 
theory  did  not  apply,  since  there  was  not  a  common  supply  in  the  different 
affected  families,  nor  was  any  disease  known  on  the  premises  from  which 
the  several  supplies  came.  Without  attempting  to  show  any  connection  be- 
tween the  facts,  it  may  be  stated  that  fourteen  of  the  cases  were  compara- 
tively near  the  river,  eight  of  them  being  very  near.  A  very  extensive 
epidemic  of  measles  occurred  in  the  autumn. 

It  is  well  for  people  everywhere  to  know  that  it  is  now  believed  by  the 
highest  medical  authorities  that  consumption  is  to  a  very  considerable  de- 
gree communicable  from  person  to  person,  and  that  the  germs  abound  in 
matter  expectorated  in  coughing;  that  constant  care  should  be  taken  to 
disinfect  and  destroy  such  discharges,  and  especially  that  the  common  habit 
of  promiscuous  spitting  should  be  avoided.  Matters  so  scattered,  by  dry- 
ing, become  converted  into  dust,  and,  in  this  form,  are  widely  scattered  to 
be  inhaled  by  others,  and  since  the  germs  are  extremely  tenacious  of  life, 
the  seeds  of  the  dire  disease  are  widely  sown. 

It  cannot  be  doubted  that  such  precautions  as  are  above  described  woald, 
if  generally  adopted  everywhere,  have  a  marked  effect  in  diminishing  the 
frequency  of  consumption. 

During  the  year  two  cases  of  glanders  in  horses  have  been  reported  to 
the  Board  by  the  inspector  of  cattle.  Both  animals  were  subseqaently 
condemned  by  the  State  Cattle  Commissioners  and  killed  by  their  order. 

Nantucket. 

The  Board  made  investigation  of  many  nuisances  reported,  and  believes 
that  the  town  has  been  kept  in  an  improved  sanitary  condition  in  conse- 
quence of  a  general  interest  manifested  by  all  good  citizens,  to  live  up  to  the 
best  ideal  of  proper  sanitary  safeguards.  As  a  result  of  such  care  and  at- 
tention, no  contagious  disease  of  any  kind  has  been  reported  to  the  Board 
during  the  year  as  originating  at  Nantucket. 

Needhah. 

The  health  of  our  town  and  its  freedom  from  any  serious  epidemic  of  in- 
fectious and  contagious  disease  (except  that  of  typhoid  fever)  during  the 
past  year  is  a  matter  of  sincere  congratulation. 

What  will  soon  be  required  as  the  town  progresses,  to  put  us  in  a 


thorough  aaaitarj  condition,  will  be  a  general  system  of  sewerage,  which 
the  introduction  of  a  public  water  supply  generally  demands. 

Tour  hetUth  officer  has  made  one  hnndred  visits  of  inspection  and  exam- 
tnatioD,  visiting  sixty  places  where  oompUintB  have  been  made.  Fewer 
petty  complaints  have  been  made  than  in  previous  years. 

Feirer  swine  have  been  kept  in  the  thickly  settled  portions  of  the  town 
than  in  former  years.  Some  piggeries  have  been  entirely  abandoned.  In  a 
few  cases,  as  a  last  resort,  the  Board  appealed  to  the  court  to  enforce  its 
orders. 

New  Bedford. 

The  Board  acting  ander  anthority  of  Public  Statute,  chapter  80,  section 
24,  vacated  hoaeea  on  Turner's  court  known  as  Holy  Acre.  This  act  the 
Board  regards  as  one  of  the  most  important  taken  during  the  year.  The 
statute  places  the  entire  responsibility  on  the  Board.  The  houees  in  qnes* 
tioD  were  bo  low  that  it  was  impossible  to  drain  them,  and  it  seems  nnfor- 
tnnate  that  there  are  no  means  of  preventing  building  or  moving  houses 
already  built  to  such  locations.  In  every  growing  city,  building  is  coutin- 
nally  outgrowing  the  draint^  system.  Bnt  for  such  buildings  drainage 
can  be  supplied  before  they  are  occupied.  The  policy  of  the  Board  has 
been  and  will  be  to  vacate  all  such  tenements  at  the  first  sign  they  give  of 
danger  to  the  public  health.  The  Board  would  recommend  that  action  be 
taken  'on  the  proposed  building  rule  establishing  the  height  of  cellar  Boors 
above  high  water.  The  nuisance  caused  by  privies  is  being  rapidly  abated, 
when  such  a  nuisance  occurs  on  the  line  of  a  aewer. 

All  garbage  is  ploughed  in  daily,  and  when  about  one  acre  is  covered  a 
qnickly  growing  crop  is  planted,  and  in  a  surprisingly  short  time,  on  dig- 
ging down,  no  garbage  can  be  found.  Thus  the  essential  condition  for 
rapid  decomposition  in  the  earth  is  attained,  namely,  superficial  burial. 
The  objection  to  superficial  burial  is  that  the  burial  products  may  more 
readily  become  exposed  and  bo  cause  nuisance,  or,  by  drying,  blow  about, 
and  under  proper  conditions  cause  disease.  This  objection  is  met  by  the 
facts  that  the  material  buried  is  not  of  such  a  character  as  frequently  con- 
tains  disease  germs,  and  the  moist  and  heavy  condition  of  the  soil  is  such 
that  it  is  seldom  dry  except  upon  the  surface.  The  farm  is  remote  from 
any  source  of  water  supply.  So  far  the  method  is  satisfactory  in  all 
respects.  The  material  is  thus  utilized  as  a  fertilizer,  which  is  its  only 
value,  aa  the- cost  of  extracting  the  fat,  the  only  constituent  of  value, 
would  more  than  counterbalance  the  estimated  return. 

The  Board  voted  to  inspect  the  sanitary  condition  in  respect  to  drainage 
of  the  various  school  bouses  in  the  city.     All,  with  the  exception  of  one, 
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The  Board  investigated  an  epidemic  of  typhoid  fever  which  occurred  in 
the  last  half  of  the  year,  embracing  201  cases  in  all.  No  satisfactory  con- 
clusions were  reached  which  would  account  for  the  epidemic  as  a  whole, 
though  suspicion  pointed  strongly  to  the  existence  of  infection  upon  a 
small  island  in  the  harbor  which  many  of  the  persons  attacked  had  visited 
during  the  period  of  epidemic. 

The  Board  amended  its  quarantine  regulations  and  publishes  them  in 
full  in  its  report. 

Newburtport. 

There  has  been  a  great  falling  off  of  cases  of  diphtheria  and  scarlet 
fever  from  the  previous  year,  but  a  large  increase  of  cases  of  typhoid  fever. 
Rules  and  regulations  relating  to  plumbing  were  adopted  by  the  Board. 

Newton. 

The  general  health  of  the  city  has  been  good,  and  barring  slight  out- 
breaks of  diphtheria  in  the  early  spring  and  fall,  and  an  epidemic  of 
measles  in  the  early  summer,  would  have  been  deemed  excellent. 

The  contagious  wards  at  the  hospital  have  been  found  very  useful  during 
the  year ;  the  early  removal  of  patients  to  them  having  greatly  aided  the 
Board  in  preventing  the  spread  of  disease.  The  wards  have  been  in  almost 
continuous  use  during  the  year,  sixty-two  cases  having  been  admitted. 
The  cases  were  divided  as  follows,  —  scarlet  fever,  fifteen;  diphtheria, 
twenty-eight ;  measles,  nineteen. 

The  Board  authorized  free  vaccination  to  all  comers  in  the  several 
villages. 

North  Andover. 

As  a  matter  relating  to  public  health,  we  think  the  attention  of  con- 
sumers of  milk  should  be  called  to  the  fact  that  most  of  the  herds  supplying 
milk  in  this  town  are  not  allowed  any  exercise  at  all,  but  are  tied  up  by  the 
neck  from  November  till  May  in  badly  ventilated  barns,  and  never  turned 
out  of  doors. 

We  recommend  the  purchase  of  one  of  the  odorless  pumps,  and  that  its 
use  be  made  compulsory  in  the  village  whenever  vaults  or  cesspools  are 
cleaned  during  the  day. 

We  find  occasionally  a  person  who  is  willing  to  allow  his  vault  to  over- 
flow his  neighbor's  land.  Such  need  the  stimulating  effect  'of  the  sharp 
end  of  the  law. 

North  Attleborouoh. 

The  failure  of  people  to  submit  to  the  guidance  of  any  fixed  rules  for 
observance  in  trying  to  prevent  the  spread  of  any  infectious  disease  is 
often  due  to  thoughtlessness  rather  than  to  a  desire  to  thwart  the  beneficial 
effects  of  such  rules.     It  often  requires  the  experience  of  an  epidemic  to 
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teach  the  public  that  there  are  certain  rales  and  regalations  which  must  be 
strictly  observed. 

There  has  been  a  marked  decrease  in  the  number  of  cases  of  diseases  of 
a  contagious  character  reported  during  the  past  year. 

Orange. 

With  the  opening  of  the  season  the  Board  recognized  the  need  of  removal 
of  ^' waste,  filth  and  house  dirt,"  and  engaged  a  scavenger  who  gave  two 
days  each  week  to  the  collection  pf  rubbish  and  garbage  on  the  principal 
streets  of  the  village  during  the  heated  season,  with  the  result  that  never 
before  in  the  history  of  Orange  was  the  town  in  as  sanitary  a  condition. 

The  Board  has  investigated  one  hundred  sources  of  filth  and  offence. 
The  members,  individually,  have  investigated  many  others. 

The  Board  of  Health  would  urgently  request  parents  to  investigate  the 
subject  of  '*  vaccination"  thoroughly,  that  they  may  intelligently  act  re- 
garding it. 

The  bodies  of  five  dead  animals  have  been  buried  by  the  Board.  Animals 
infected  with  tuberculosis  have  been  condemned.  Herds  have  been  in- 
spected by  the  Board's  agent.  Horses  with  infectious  diseases  have  been 
cared  for,  and  dogs  killed. 

PiTTSFIELD. 

The  sewage  system,  now  almost  completed,  has  furnished  a  long-needed 
want,  and  the  amount  of  good  obtained  by  the  same  is  immeasurable. 

During  the  year  1893  the  new  ordinance  for  plumbing  necessitated  the 
licensing  of  plumbers  and  drain-layers. 

Number  of. licenses  granted  to  plumbers, 8 

of  licenses  granted  to  drain-layers, 13 

of  plans  of  plumbing  submitted  for  approval,         .        .  253 

approved, 218 

rejected, 35 


ii 


During  the  past  year  the  Board  of  Health  has  been  called  on  to  investi- 
gate four  outbreaks  of  tuberculosis  at  different  farms.  At  one  farm  the 
Board  considered  about  thirty  per  cent,  of  the  cows  affected.  So  far, 
twenty-one  of  them  have  been  slaughtered,  and  of  these  nineteen  have 
been  found  diseased,  while  two  were  found  not  diseased.  At  another  farm 
over  fifty  per  cent,  were  considered  unsound.  Up  to  date  thirteen  have 
been  slaughtered,  and  every  one  has  been  found  diseased.  At  another 
farm  two  cows  have  been  slaughtered,  both  of  which  were  affected.  The 
Board  considers  that  the  chief  cause  of  its  spreading  among  dairy  cows  is 
overcrowding,  deficient  cubic  air  space  and  defective  ventilation.  The 
Board  also  considers  a  more  thorough  State  system  for  regulating  and 
managing  the  disease  should  be  inaugurated. 
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Plymouth. 

Sixty-three  places  have  been  examined  and  nuisances  abated  withoot 
having  received  any  formal  complaint. 

Nearly  all  of  the  cases  of  scarlet  fever,  typhoid  fever  and  diphtheria 
have  been  traced  by  the  Board  to  imperfect  drainage  and  ventilation. 

After  learning  the  facts  in  the  cases  the  Board  issued  orders  to  those 
families  from  which  cases  were  reported,  and  had  them  enforced ;  and  the 
Board  felt  that  after  the  last  case  was  reported  well,  and  the  places  had 
been  disinfected,  that  there  would  be  no  danger  from  these  sources.  Dar- 
ing this  time  circulars  were  distributed  by  the  Board  throughout  the  town 
giving  instructions  what  to  do  in  case  of  diphtheria. 

In  accordance  with  the  Acts  of  1893,  chapter  477,  the  Board  has  ap- 
pointed inspectors  of  plumbing,  and,  at  the  request  of  the  selectmen,  pre- 
pared a  list  of  by-laws,  and  presented  them  to  the  town  for  adoption. 

QUINCT. 

Your  Board  strongly  recommends  that  pinmbing  regulations  or  ordinances 
be  enacted  by  the  council  as  a  matter  of  safety  to  the  public  health.  The 
inspector  is  powerless  without  them  in  many  cases.  The  brooks  have  been 
thoroughly  cleaned  under  the  direction  of  the  inspector,  and  the  Board  has 
every  reason  to  believe  that  the  work  has  been  economically,  thoroughly 
and  conscientiously  done.  The  physicians  are  negligent  in  their  duty  of 
reporting  contagious  diseases,  and  until  they  are  brought  up  to  the  law  the 
same  state  of  affaira  will  exist. 

Number  of  nuisances  discovered,  306 ;  number  abated,  298. 

Reading. 

There  have  been  twenty-one  nuisances  investigated,  and  all  cases  except 
two  have  been  abated  by  owner  or  occupant.  One  of  these  was  abated  by 
the  Board,  and  the  owner  paid  the  bill.  The  other  one  will  be  attended  to 
before  the  premises  are  occupied. 

I  Revere. 

I  The  town  has  been  favored  with  a  freedom  from  contagion  to  an  extent 

to  be  a  matter  of  satisfaction  to  the  citizens  within  the  last  twelve  months. 
Scarlet  fever  showed  itself  the  latter  part  of  the  year.  The  prompt  and 
stringent  requirements  of  the  Board  have  done  much  to  prevent  it  being 
spread  over  the  town. 

Rockland. 

We  have  had  one  case  of  glanders  reported  during  the  year,  and  the 
Cattle  Commissioners  ordered  the  horse  killed,  which  was  done. 

One  of  the  vital  questions  for  the  people  of  this  town  is  that  of  sewage. 
While  in  our  present  financial  condition,  any  general  system  for  the  town 


No.  34.]  HEALTH  OP  TOWNS.  777 

^to  adopt  would  be  too  expensive,  yet  there  is  a  very  simple  and  effective 
-way  of  disposing  of  sewage  that  could  be  adopted  by  individual  families. 
The  plan  is  to  have  the  sewage  pass  through  an  underground  drain  with 
branches  in  all  directions,  the  drains  to  be  constructed  of  broken  drain- 
pipe, stones  or  anything  that  will  allow  the  sewage  to  pass  into  the  ground 
at  short  intervals. 

Salem. 

In  the  month  of  February  a  sharp  outbreak  of  diphtheria  occurred  near 
the  cotton  mills.  The  type  of  the  disease  was  very  serious  and  vigorous 
measures  were  employed  to  combat  it.  Houses  were  guarded  night  and  day 
by  police  officers,  thus  stopping  one  of  the  chief  sources  for  spreading  the 
-disease.  Everything  possible  was  done  for  the  sick  and  for  the  afflicted 
families. 

Though  some  cases  of  scarlet  fever  were  severe,  only  one  proved  fatal. 
The  type  has  generally  been  mild.  We  note  with  satisfaction  the  marked 
•decrease  each  year  for  the  past  three  years  in  the  number  of  cases  of  this 
dangerous  malady. 

The  type  of  typhoid  fever  was  severe  and  active  search  for  the  cause  was 
made  by  this  Board,  milk  being  particularly  looked  after.  Visits  to  each 
house  were  made,  also  to  shops  where  milk  was  sold,  and  the  milkmen, 
their  farms,  the  cattle,  the  sources  of  water  supply  of  the  cattle.  The 
fault  could  not  be  traced  to  the  milk. 

The  work  of  collecting  the  ashes  and  rubbish  the  past  two  months  has 
been  done  in  a  very  satisfactory  manner.  Eight  thousand  one  hundred  and 
seventy-two  loads  have  been  collected.  This  is  an  increase  of  over  1,400 
loads  more  than  in  1892.  These  ashes  have  been  used  to  fill  up  unsightly 
and  often  unhealthy  places  in  our  city. 

Sauqus. 

The  Board  made  personal  investigation  of  a  number  of  reported  nui- 
sances, and  on  their  tour  found  much  work  to  be  done  in  regard  to  neg- 
lected privies  and  vaults.  These  cases  were  reported  to  the  owners,  and  in 
the  majority  of  cases  were  looked  after  in  a  satisfactory  manner.  Our  in- 
spector also  found  many  places  where  sinks  were  not  secured  by  traps, 
which  allows  of  all  gases  arising  from  contents  of  cesspools  to  flow  back 
into  the  rooms  occupied  by  the  residents.  This  should  not  be  allowed,  and 
the  Board  has  obliged  owners  to  correct  these  troubles  so  far  as  its  knowl- 
edge of  them  is  <^oacerned. 

Perfect  cleanliness  of  dwellings  and  surroundings  is  what  will  insure 
good  health  and  is  of  the  utmost  importance,  as  by  its  strict  observance  the 
air  is  not  polluted  and  germs  of  disease  find  no  lurking  places. 

The  Board  publishes  a  very  full  and  complete  set  of  regulations  includ- 
ing practical  instrvctions  relative  to  disinfection. 


SPRINCriELD. 

There  is  no  quusukI  epidemic  of  iDfections  diseases  to  be  noted  in  the 
year  1893.  Scarlet  fever  was  more  abundant  and  diphtheria  and  typhoid 
fever  less  abundant  than  in  1892.  The  number  of  deaths  from  the  principal 
iafectiouB  diseaBea  were  Beventy-siz,  against  one  hundred  and  twenty-one 
in  1892. 

Two  cases  of  small-pox  were  reported  in  February  and  March,  one  of 
which  proved  fatal.  The  second  case  was  evidently  caused  by  infection 
from  the  first,  bat  the  source  of  the  original  contagion  coald  not  be  ascer- 
tained.    There  was  do  further  spread  of  the  disease. 

This  department  has  been  streDgtheoed  by  the  adoption  of  an  ordiuance 
regulating  plumbing  and  by  the  appointment  of  an  inspector  of  plumbing. 
New  work  muBt  now  be  done  in  a  proper  manner  and  old  work  will  be 
gradually  improved  as  is  found  necessary  from  time  to  time  until  our  build- 
ings Bhall  all  be  properly  drained. 

Glandera  have  existed  to  some  extent  among  horses,  eight  cases  being 
reported  to  the  State  Commissioners  and  by  them  condemned,  ordered 
killed,  and  the  premises  cared  for  and  made  free  from  contagions  infection. 

SWAMPSCOTT. 

Daring  the  past  year  we  have  received  and  investigated  all  complfuuta 
brought  to  our  notice. 

The  beaches  were  cleaned  up  thoroughly  the  first  of  the  season ;  after- 
wards  some  person  or  persons  saw  fit  to  dump  rubbish  thereon,  which  put  us 
to  some  extra  expense  to  clean  it  up  agidn,  when  they  might  have  carried 
it  to  the  dump. 

Taunton. 

The  Board  severely  criticises  the  sanitary  condition  of  the  Central  Police 
Station  of  the  city. 

Some  time  Taunton  must  have  a  comprehensive  system  of  sewerage  which 
will  do  away  with  Mill  River  and  Cobb  Brook  and  numerous  other 
smaller  nuisances.  How  much  of  the  money  spent  on  small  sewers  will  be 
a  dead  loss  when  the  general  system  is  adopted? 

The  city  has  been  remarkably  free  from  diphtheria  and  typhoid  fever. 
The  scarlet  fever  epidemic  continued  through  the  first  half  of  the  year,  but 
since  then  has  gradually  abated  until  the  year  closes  without  a  single  case 
on  the  books.  An  extensive  epidemic  of  measles  was  experienced  in  the 
spring  and  early  summer.  The  exact  number  of  cases  cannot  be  given. 
We  would  recommend  that  the  old  ambulance  be  put  into  repair  and  put 
under  control  of  this  Board,  to  be  used  in  conveying  persons  sick  with  con- 
tagious diseases. 


Wakefield. 

We  have  had  do  epidemic.  The  general  complaints  of  DuisaQcee  have 
been  few  and  soon  abated,  and  the  more  important  ones  have  caused  ns 
little  trouble.  Our  formal  meetings  have  been  fev,  but  all  that  were  neces- 
sary, as  the  members  of  the  Board  met  almost  daily  and  the  businees  was 
often  informally  discussed  and  disposed  of.  We  have  done  nothing  toward 
abating  our  permanent  nuisances  tbb  year,  as  we  have  concurred  with  the 
opinion  of  past  Boards  that  the  expense  of  the  attempted  improvement 
would  far  outweigh  the  very  doubtful  benefit.  There  is  but  one  way  to  rid 
the  town  of  these  unsavory  and  noBigbtly  spots,  and  that  is  by  a  proper 
sewen^e  sysUm. 

During  the  session  of  1893  the  Massachusetts  Legislature  passed  a  law 
goremiog  the  business  of  plumbing  in  cities  and  towns  in  the  State.  In 
accordance  with  this  law  we  appointed  a  local  board  of  examiners  of 
plumbers. 

Waltham. 

A  request  by  the  Boston  Manufacturing  Company  to  remove  some  cases 
from  corporation  tenements  compelled  the  Board  to  make  provision  for  the 
treatment  and  care  of  scarlet  fever  patients,  and,  at  first,  quarters  were 
engaged  in  the  Newton  Cottage  Hospital ;  but  the  number  of  cases  increased 
BO  rapidly  that  the  Board  deemed  it  more  coDvenient  and  economical  to  pro- 
cure a  house  somewhere  io  the  city  for  temporary  use  as  a  contagious 
hospital.  The  result  was  that  the  house  No.  -2!>5  South  Street  was  taken 
for  that  purpose,  and  a  house-keeper  and  a  nurse  were  procured  to  take 
charge  of  cases  carried  there.  This  bouse  was  maintained  as  a  hospital 
from  March  14  to  May  15  and  proved  ample  to  accommodate  all  cases  of 
children  sick  with  scarlet  fever  whom  it  was  desirable  to  remove.  On  one 
occasion,  a  mother  and  child  were  furnished  with  board  and  room  while 
the  child  was  under  treatment  for  the  disease.  We  believe  that  the  prompt 
removal  of  cases  of  scarlet  fever  to  a  contagious  hospital,  well  equipped, 
and  managed  by  the  Board  of  Health,  will  greatly  diminisfa  the  danger  of 
the  spread  of  this  disease.  So  positive  does  the  Board  feel  of  this  propo- 
sition that  it  thinks  it  may  safely  say  that  a  contagious  hospital  would 
have  prevented  all  bnt  eay  twenty  cases  of  the  three  hundred  and  eighty 
reported  during  the  last  two  years. 

Before  the  schools  closed   in  June  the  disease  was  fully  eradicated. 

Since  that  time  cases  have  only  occasionally  appeared.  During  the 
year,  one  hundred  and  thirty<two  cases  alt<^ether  have  been  reported,  as 
against  two  hundred  and  fifty-four  cases  in  1893. 
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the  public  will  insist  upon  the  use  of  as  radical  measures  to  prevent  its 
increase  as  are  now  employed  to  prevent  the  spread  of  small-pox,  and  we 
believe  that  such  measures  would  go  far  to  stamp  it  out.  In  Massachu- 
setts, during  the  year  1892,  there  were  two  deaths  from  small-pox,  whOe 
there  were  nine  hundred  and  twenty-eight  from  diphtheria.  In  the  whole 
United  States,  omitting  North  Dakota,  it  is  reported  that,  in  the  same 
year,  there  were  only  one  hundred  and  six  deaths  from  small-pox.  This 
shows  that  there  were  in  1892  only  one-ninth  as  many  deaths  from  small- 
pox in  the  United  States  as  there  were  from  diphtheria  in  the  State  of 
Massachusetts  alone. 

Several  cases  are  detailed  in  the  report,  illustrating  the  value  of  isolation 
and  removal  to  a  hospital  provided  for  contagious  diseases.  It  is  almost 
needless  to  say  that  no  effectual  isolation  can  be  made  in  all  instances 
without  a  contagious  hospital  to  which  patients  may  be  promptly  removed, 
and  it  is  as  a  means  by  which  to  effect  absolute  isolation  of  these  danger- 
ous cases  that  the  hospital  now  nearly  finished  will  demonstrate  its  greatest 
value  to  the  city. 

We  wish  at  this  point  to  call  attention  to  a  matter  which  to  many  may 
appear  trivial,  but  should  not  be  overlooked  by  those  seeking  out  the 
methods  by  which  disease  is  propagated.  Upon  a  visit  of  our  Board  to  the 
public  schools  we  found  a  custom  prevailing  in  many  of  them  of  collecting 
the  children's  pencils  at  night  and  dealing  them  out  promiscuously  the  next 
morning.  We  believe  that  this  custom  is  a  bad  one ;  and  we  are  pleased 
to  say  that,  on  our  suggestion,  the  superintendent  of  schools  caused  a  role 
to  be  established  that  each  scholar  should  have  his  own  individual  pencil. 

It  has  long  been  known  that,  upon  reopening  the  schools  after  a  vacation, 
infectious  diseases  seem  to  take  a  fresh  impetus,  and,  on  the  other  hand, 
when  the  schools  are  closed,  such  diseases  seem  to  relinquish  their  hold 
upon  the  community.  We  therefore  believe  that  during  the  long  summer 
vacation,  the  school  houses  should  not  only  be  cleaned  in  the  usual  manner, 
but  also  thoroughly  fumigated  and  disinfected  from  top  to  bottom,  and  the 
basements  thoroughly  whitewashed. 

A  contagious  hospital  is  now  being  built,  consisting  of  two  wings  and  a 
dwelling-house,  all  connected  by  long  corridors,  one  wing  being  for  scarlet 
fever  cases  and  one  for  diphtheria  cases,  each  capable  of  accommodating 
ten  patients ;  and  each  is  so  constructed  that  it  can  at  any  time  be  enlaiged 
at  a  comparatively  small  expense,  should  occasion  require. 

Under  the  plumbing  act,  as  it  stands,  a  board  of  examiners  has  been 
organized,  consisting  of  the  present  chairman  of  the  Board  of  Health,  the 
present  inspector  of  buildings,  and  a  practical  plumber  who  was  chosen  by 
the  Board  of  Health  as  the  third  member.^^ 

The  Board  has  adopted  a  system  of  registering  plumbers  who  were  in 
business  at  the  time  the  act  took  effect,  that  is,  on  or  before  July  10, 1893. 
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To  each  plumber  registeriDg  his  name  a  certificate  has  been  issued  certify- 
ing that  he  was  engaged  in  the  business  prior  to  that  date.  These  certifi- 
cates have  ^proved  of  great  practical  convenience  to  the  plumbers  of  the 
city  who  do  work  in  other  places  by  enabling  them  to  readily  prove  the 
fact  that  they  were  engaged  in  business  prior  to  July  10,  1893,  and  there- 
fore entitled  to  pursue  their  calling  without  a  license. 

Altogether  about  1,100  connections  have  been  made  with  the  public 
sewer.  The  total  estimated  number  of  connections  made  and  to  be  made 
is  2,500. 

Ware. 

A  careful  investigation  of  the  sanitary  condition  of  the  buildings  and 
premises  in  town  was  made  early  in  the  year  by  agents,  who  were  appointed 
for  the  purpose,  and  who  were  furnished  with  printed  blanks  containing 
various  inquiries,  upon  which  they  recorded  their  answers.  At  a  later 
time  a  second  visitation  was  made  by  these  inspectors  where  it  seemed 
desirable  to  the  Board  that  it  should  be  done.  In  this  way  accurate  and 
complete  information  was  secured  as  to  our  sanitary  condition. ' 

In  compliance  with  an  act  of  the  Legislature  passed  during  the  year,  the 
Board  prepared  a  set  of  by-laws  in  relation  to  plumbers  and  plumbing 
work,  which  were  adopted  by  the  town,  and  which  are  now  operative. 
These  by-laws  require  that  those  who  newly  enter  the  business  of  plumbing 
should  pass  an  examination  and  obtain  a  license,  which  must  be  renewed 
each  year  that  they  continue  in  business.  All  plumbing  work,  except  re- 
pairs of  leaks,  must  be  done  only  after  proper  notice  given  the  Board  of 
Health  or  its  appointed  agents,  and  must  be  approved  by  the  Board  after 
examination  by  an  inspector  of  plumbing  appointed  for  the  purpose. 

Wellbslet. 

No  cases  of  typhoid  fever  have  been  reported  to  the  Board  during  the 
year. 

There  have  been  several  instances  in  which  the  advice  of  the  Board  has 
been  sought  in  regard  to  sanitation,  and  in  all  cases  the  suggestions 
made  have  been  readily  complied  with. 

The  Board  would  respectfully  call  to  mind  the  fact  that  householders  are 
required  by  law,  no  less  than  physicians,  to  report  cases  of  contagious 
disease  occurring  within  their  respective  families. 

Westborough. 

In  no  instance  has  the  Board  been  forced  to  resort  to  legal  measures  to 
secure  compliance  with  its  requests. 

The  general  health  of  the  inhabitants  of  the  town  has  been  compara- 
tively good.  There  has  been  no  epidemic  disease,  and  only  four  cases  of 
contagious  disease  dangerous  to  the  public  health  have  been  reported. 
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Westfibld. 
At  the  town  meeting,  held  April  8,  it  was  TOted :  — 

That  the  Board  of  Health  is  hereby  instructed  to  compel  persons  owning, 
leasing  or  maintaining  any  building,  to  connect  with  the  public  sewer,  as  pro- 
vided in  chapter  132  of  the  Acts  of  1890,  on  or  before  the  first  day  of  January, 
1895. 

After  matare  deliberation  your  Board  decided  that  the  best  interests  of 
the  public  health  demanded  immediate  action,  and  instructed  its  clerk  to 
formulate  a  notice  for  compulsory  entrance.  Five  hundred  of  these  notices 
were  sent  to  property  owners  on  the  south  side  of  Westfield  River.  En- 
trances were  made  the  entire  season  as  rapidly  as  the  property  owners 
could  secure  attention  from  the  plumbers  and  drain-layers.  Three  hun- 
dred and  fifty-four  sewer  applications  were  made,  representing  the  entrance 
of  three  hundred  and  seventy-one  buildings,  which  includes  five  hundred 
and  eighteen  families,  besides  eight  blocks,  two  churches,  one  school  build* 
ing,  three  shops  and  one  stable. 

The  Board  established  certain  limits  in  the  town,  within  which  the  keep- 
ing of  swine  was  prohibited,  and  provided  that  any  and  all  swine,  and  any 
pen  or  other  inclosure  in  which  swine  are  kept,  outside  of  said  districts, 
shall  be  kept  in  a  condition  of  neatness  and  cleanliness  acceptable  to  the 
Board  of  Health. 

Westford. 

The  physicians  were  prompt  in  notifying  the  Board  of  all  infectious  or 
contagious  diseases,  and  where  quarantine  was  established  we  allowed  it  to 
remain  until  the  physician  in  charge  of  the  case  notified  us  that  it  was  un- 
necessary. Disagreeable  as  it  was  to  be  shut  off  from  their  usual  freedom, 
members  of  the  families  where  these  infectious  diseases  prevailed  readily 
complied  with  the  regulations,  and  did  much  to  prevent  the  spread  of  the 
disease.  Householders  do  not  seem  to  understand  that  the  law  requires 
them  as  well  as  physicians  to  notify  the  Board  of  Health  if  they  are  know- 
ing of  infectious  or  contagious  disease  within  their  family  or  house.  The 
law  is  very  plain,  and  a  heavy  penalty  is  provided  for  non-compliance  with 
it.     But  two  householders  have  complied  with  the  law  the  past  year. 

Whitman. 

The  difficulties  arising  from  lack  of  a  sewage  system,  and  the  fact  that  a 
great  deal  of  the  land  in  Whitman  is  so  low  that  deep  cesspools  cannot  be 
dug,  have  been  thoroughly  described  in  preceding  reports,  and  it  is  hoped 
that  at  some  future  time  the  desired  system  may  be  established.  The  town 
has  not  suffered  from  many  cases  of  contagious  diseases  the  past  year,  but 
all  cases  which  have  come  to  our  knowledge  have  been  promptly  reported 


acbool  comniittee  according  to  law.  When  neceasar;,  conspicuous  red 
cards  Trith  the  name  of  the  disease  in  large  letters  have  been  posted  on  the 
premiBCB  where  an  icfeotious  diBcase  was  known  to  exist. 

WlLLIAlf STOWH . 

The  Board  has  attended  to  the  uausi  matter  of  nuisances,  which  have 
been  promptly  abated.  In  connection  with  board  of  selectmen,  the  Board 
of  Health  has  assisted  in  the  construction  of  sewers,  an  excellent  advance 
in  this  matter,  and  it  is  hoped  that  the  same  policy  will  be  continued  during 
the  comiDg  year. 

WlHCHESTBB. 

The  Board  vaccinated  eighty  scholars,  sixty-one  of  whom  had  never  been 
vaccinated  before.  Some  of  these  had  passed  through  all  but  the  high 
school. 

The  Metropolitan  sewer  is  about  complete  in  Winchester,  and  we  hope 
our  local  system  of  sewers  will  soon  be  commenced  and  that,  in  the  aear 
future,  Winchester  will  be  supplied  with  a  complete  system. 

WOBDBM. 

During  the  year  over  one  hundred  complaints  were  received,  concerning 
existing  nuisanoes,  and  promptly  attended.  Among  the  most  prominent 
was  the  Fantasote  Leather  Company  nuisance,  which  had  been  a  cause  of 
complaint  for  several  years,  not  only  by  the  citizens  of  our  own  city,  but 
also  by  the  citizens  of  the  neighboring  towns  of  Reading,  iStoneham,  Wil- 
mington, Wakefield  and  Winchester.  After  a  thorough  investigation  by 
the  Board,  they  ordered  the  premises  closed  until  the  proper  machinery 
could  be  introduced  to  abate  the  nuisance,  The  works  have  not  started 
sgain,  as  yet,  nor  will  tbey  be  allowed  to  until  all  semblance  of  a  nuisance 
has  been  abated.  A  number  of  complaints  were  also  received  from  the  in- 
specters  of  the  Bostoo  Water  Board  and  received  prompt  attention. 

WORCESTBB. 

Number  of  complaints  for  the  year  ending  Dec.  31, 1893, 1,713.  Rooms 
fumigated,  448. 

There  were  three  successful  prosecutions  by  the  Board  during  the  year, 
viz.,  one  for  keeping  pigs  without  a  license,  one  under  the  law  regulating 
contagious  diseases  among  domestic  animals,  one  for  doing  plumbing  work 
without  a  license. 

Twelve  houses,  containing  thirty-five  tenements,  were  vacated  on  account 
of  bad  sanitary  condition. 

The  general  sanitary  condition  of  the  city  through  the  year  was  good. 
There  was  a  slight  increase  in  the  number  of  deaths  over  the  previous  year. 
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Special  efforts  were  made  during  the  summer  months  to  thoroughly  dean 
the  city  in  anticipation  of  an  invasion  of  cholera,  bat  owing  to  the  effective 
national  quarantine  maintained  by  the  general  government  its  entrance  was 
prevented.  As  usual,  a  large  number  of  the  cases  of  typhoid  fever  were 
due  to  causes  outside  of  the  city.  It  is  probable  that  several  cases  were 
contracted  at  Chicago  while  visiting  the  Fair.  We  again  call  attention  ta 
the  great  necessity  of  a  hospital  for  the  care  of  contagious  diseases.  The 
need  of  such  an  institution  has  been,  if  possible,  more  forcibly  brought  to 
our  attention  during  the  year  just  closed  by  the  appearance  of  contagious 
diseases  in  several  of  the  institutions  of  our  city  that  are  devoted  to  be- 
nevolent and  charitable  purposes,  thereby  impairing,  if  not  altogether  pre- 
venting, their  usefulness  for  the  time  being. 
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786  INDEX. 

AttleboroQgh,  health  of 746 
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Numbers  of,  in  Lawrence  city  water  supply 680-541 

Numbers  of,  in  Lawrence  sewage 408,  407 
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Beaver  Pond,  Beverly 277 
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Clematis  Brook 101 

Berlin,  heights  of  water  in  Gates  Pond 173 

Beverly,  health  of 747 

Water  supply  of  {see  also  Salem) 101 

Consumption  of  water  in 871 

Big  Sandy  Pond,  Pembroke 93 
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AtUxbridge 360 

Between  Mill  Brook  Channel  and  Worcester  Sewage  Precipitation 

Works 848, 349 

Below  the  Worcester  Precipitation  Works 848,  349 

Blandford  Brook,  Chester  and  Becket 137 

Boston,  health  of •        .  747 

Hospital  for  contagions  diseases  in 707 
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Reservoir  No.  4,  Ashland 108,  104 

Sudbury  River,  at  upper  end  of  Reservoir  No.  2,  Ashland      •        .  105 
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Braintree,  health  of 754 
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Sewage  disposal  of,  advice  of  the  Board 71 

Underdralns  beneath  the  main  sewer 129 

Water  supply  of,  examination  of 125 

Consumption  of  water  in 871 
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Water  supply  of,  examination  of 130 
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Clapp*8  Trout  Brook,  Deerfleld 146 

Clematis  Brook,  Belmont .  101 

Cloves,  inspection  of      ..•..-.       • 680 

Cochituate  Lake 112 

Coffee,  Inspection  of 681 

Cohasset,  water  supply  of,  examination  of 141 

Consumption  of  water  In 871 

Cold  Spring,  Uxbridge 299 

Cold  Spring  Brook.  Ashland 102 

Color,  removal  of,  from  Merrimack  River  water  by  experimental  filters  at 

Lawrence 488 

Removal  of,  from  Merrimack  River  water  by  Lawrence  city  filter       .  566 

Columbian  Exposition,  exhibits  at  (see  Exhibits)        .....  xviii 

Concord,  health  of 567 

Water  supply,  examination  of 142 

Conduits  in  Lawrence  city  filter 550,  564 

Confectionery,  inspection  of 681 

Consumption  of  water  in  various  cities  and  towns,  statistics  relating  to     .  871 

Consumption,  mortality  ft'om xxxvl 

Weekly  summary  of  deaths                     681 

Cooley  Brook,  Chicopee 140 

Coolldge  Brook,  Orange 261 

Copperas,  precipitant  for  sewage 602,  620 

Cost  of  Lawrence  city  filter 555 

Of  chemicals  employed  in  precipitation  of  sewage  at  World's  Colum- 
bian Exposition 619 

Of  construction  and  operation  of  sewage  cleansing  works  at  World's 

Columbian  Exposition 624 

Of  work  done  on  Marlborough  sewage  filters  in  1898    .        .        .  681 

Cottage  City,  health  of 758 

Consumption  of  water  in         •        • 371 


790  INDEX. 

rkQM 

Cream  of  tartar,  inspection  of 681 

Cremation  law,  and  action  of  Board xxiv 

Crystal  Lake,  Gardner 154 

Crystal  Lake,  HayerhiU 157 

Crystal  Lake,  Wakefield 302 

Danvers,  water  supply  of U3 

Danyers  and  Middleton,  consamption  of  water  in 871 

Death-rate,  the  significance  of  general  or  crude xliil 

From  infectious  diseases  in  Massachusetts zzxiil 

Deaths,  total,  reported  mortality,  1893 630 

Under  five  years,  reported,  1893 630 

Dedham,  health  of 758 

Sewage  disposal  at  Norfolk  County  Jail 566 

Water  supply  of,  examination  of 143 

Consumption  of  water  in 871 

Deerfield,  examination  of  water  from  Clapp's  Trout  Brook         ...  145 

Mill  River 145 

Roaring  Brook,  Whately 145 

Deerfield  River,  examination  of,  above  Shelbume  Falls        ....  356 

Diarrhoeal  diseases,  weekly  summary  of  deaths 634 

Diphtheria xiv 

Diphtheria  and  croup xz^t 

Weekly  summary  of  deaths 633 

Dissolved  oxygen  in  sewage  from  Lawrence  Street  sewer    ....  408 

In  Merrimack  River  water  and  effluents  from  experimental  water  filters 

at  Lawrence 482 

Presence  of,  in  water;  explanation  of  success  of  continuous  filtration 

of  water  at  Lawrence 479 

Distributing  Reservoir,  Lawrence 185 
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Hospitals,  isolation,  for  infectious  diseases,  by  S.  W.  Abbott,  M.D.,  Sec- 
retary of  the  Board ' .        .  691-737 

Reasons  for  their  use 691 

Character  of  accommodation  required 696 

Extent  of  provision 696 

Diseases  which  may  properly  be  treated  in 698 

Possibility  of  spreading  infection 701 

Conclusions  relative  to  spread  of  small-pox  In  the  neighborhood  of     .  703 

Disinfecting  apparatus 70S 

Plan  of  hospital  for  infectious  diseases  at  Cambridge    ....  706 

Pavilion  for  contagious  diseases  at  Boston  City  Hospital  (plan)  .        .  707-709 

Hospital  at  State  Primary  School,  Monson 705 

Ealing  Isolation  Hospital,  plan  of 711 

London  Fever  Hospital 710 

Plan  of 718 

List  of  hospitals  for  infectious  diseases 713 

Probationary  wards 714 

School  sanatoria 714 

Isolating  wards 714 

Summary 716 

Practice  of  different  countries  in  relation  to 717-737 

Berlin 737-729 

Denmark,  Copenhagen 735-737 

Plan  of  hospital  at 736 

England :  Regulations  as  to  hospitals,  717 ;  memorandum  of  ambu- 
lances, 720;  rules  for  hospitals  for  infectious  diseases,  721; 
instructions  for  nurses,  patients  and  visitors,  721;  statistics 
showing  cost  of  construction  of  hospitals,  722. 

Germany 737 

Glasgow 723-727 

Paris 780, 731 

Sweden 783 

Stockholm 783-735 

Housatonlc  River,  examination  of,  at  New  Lenox 357 

Hudson,  health  of 765 

W  ater  supply  of,  examination  of 169 
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Hudson —  Condttded* 

Water  supply  —  Concluded. 

Gates  PoDd,  Berlin ,170 

Heights  of  water  In  Gates  Pond '17S 

Hull,  water  supply  of  (see  also  Hingham) 178 

Hyde  Park,  water  supply  of,  advice  of  Board 20 

Consumption  of  water  in 871 

Hyde  t*ark  and  Milton,  water  supply  of,  examination  of      .        .        .        .  178 

Faucets 176 

Neponset  River 177 

Tubular  wells 175 

New  tubular  wells 176 

Hydrophobia,  deaths  flrom xli 

Infectious  diseases vili 

Cases  of,  reported  by  local  boards  of  health,  tabular  list      .        .  648 

Form  for  report  of  .... 641 

Isolation  hospitals  for  (see  Hospitals) Hi,  697-787 

Laws  relating  to xvi 

Notification  of zv 

Reports  of 68» 

Influenza xxxix 

Inspection  of  food  and  drugs.     (See  Food  and  Drug  Inspection.) 

Ipswich,  health  of 766 

Examination  of  Dow's  Brook  and  Egypt  River 179 

Ironstone  Brook,  Uxbridge 101 

Isolation  hospitals.     (See  Hospitals.) 

Kenoza  Lake,  Haverhill 15S 

Kidney  diseases,  mortality  from xxxvii 

Kingston,  water  supply  of 17^ 

Advice  of  the  Board •  21 

Lakeville,  examination  of  Long  Pond 179 

Great  Quittacas  Pond 180 

Lard,  inspection  of 682 

Lateral  filtration,  importance  of,  in  Framingham  sewage  filters  .        .        .  569 

Slight  opportunity  for,  in  experimental  sewage  filters  at  Lawrence      .  421 

Lawrence  Experiment  Station,  detailed  account  of  work  at,  in  1893    .        .  899-541 

Lawrence,  health  of 766 

Typhoid  fever  in  1898-1894,  compared  with  that  of  preceding  years, 

also  with  that  of  other  cities 546,  657 

Water  supply  of,  examination  of    .        .       , 181 

Advice  of  Board 22 

Consumption  of  water  in 871 

Distribating  reservoir 185 

Filter  of,  and  its  results 542-560 

Flow  of  Merrimack  River 186 

Force  main  at  pumping  station 183 

Merrimack  River  at,  analyses  of  water  of  .        .       182,  489,  498-495,  580-541 

Tables  of  analyses 580-541 

Use  of  unflltered  river  water  drawn  from  the  canal  in  some  of  the 

mills,  and  its  relation  to  typhoid  fever 559 
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Lee,  milk  of 688 

Leicester,  sewage  disposal,  advice  of  the  Board 75 

Water  sapply  of,  examination  of 187 

Lenox,  sewage  disposal  of 578 

Leominster,  water  supply  of,  examination  of 188 

Uaynes  Reservoir     .       -.       - 188 

Morse  Reservoir 190 

Lexington,  health  of 766 

Water  supply  of,  examination  of 191 

Advice  of  the  Board 2S 

Vine  Brook 192 

Lime  as  a  precipitant  for  sewage,  absorbed  from  cement  conduits  at  Law- 
rence city  filter  by  water,  the  hardness  of  which  was  increased   €02, 620 

Lincoln,  water  supply  of,  examination  of  (see  Concord)      ....  192 

Little  Pond,  Bralntree 123 

Little  Quittacas  Fond,  Lakevllle 239 

Little  Sandy  Pond,  Pembroke 268 

Little  South  Pond,  Plymouth 264 

Local  diseases,  mortality  fh>m xxxtUI 

Longham  Meadow  Brook,  Beverly 277 

Long  Pond,  Lakevllle 179 

Lowell,  health  of 767 

Water  supply  of,  examination  of 192 

Advice  of  the  Board 25 

Consumption  of  water  In 871 

Merrimack  River 194 

Tubular  wells 194 

Lower  Reservoir,  Southbrldge 280 

Ludlow,  water  supply  of 194 

Ludlow  Reservoir,  Springfield 287 

Lung  diseases,  acute,  weekly  summary  of  deaths 632 

Lynn,  health  of 768 

Water  supply  of,  examination  of 195 

Advice  of  Board 25 

Breed's  Pond 196 

Birch  Pond 197 

Glen  Lewis  Pond 201 

WaldenPond 199 

Depth  of  water  In  ponds  and  reservoirs 203 

Lynn  and  Saugus,  consumption  of  water  In 371 

Mace,  Inspection  of 680 

Malarial  fever,  mortality  from       .        .        .        ...        .        .       .  zxxix 

Weekly  summary  of  deaths 635 

Maiden,  water  supply  of,  examination  of '^^07 

Consumption  of  water  In 371 

Tubular  wells 207 

Maiden,  Medford  and  Melrose,  water  supply  of 203 

Examination  of  water  from  Spot  Pond,  Stoneham         ....  205 

Heights  of  water  in  Spot  Pond 206 

Letter  from  State  Board  of  Health  to  water  boards  of  •        ...  29 
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Management  of  sewage  filters  to  secure  continaoas  efllciency      .               .  412-422^ 

Manchester,  water  supply  of,  examination  of 208: 

Oonsumption  of  water  in         . 871 

Mansfield,  consumption  of  water  in       .        •        .        .      ' .        .        .        .  871 

Manual  of  health  laws xxlii 

Maple  sugar,  inspection  of 682 

Maple  syrup,  inspection  of 682* 

Maquam  Pond,  examination  of  water 157 

Marblehead,  health  of 769- 

Water  supply  of,  examination  of 209 

Consumption  of  water  in 871 

Marlborough,  health  of 769 

Sewage  disposal  of 580 

Water  supply  of,  examination  of 211 

Advice  of  the  Board 28 

Consumption  of  water  in •    .  871 

Lake  Williams 212 

Millham  Brook 218 

Material,  new,  addition  of,  to  sewage  filters 420 

Maynard,  health  of 770 

Water  supply  of,  examination  of 214 

Meadow  Brook,  Mendon  (see  Uxbrldge) 801 

Measles,  mortality  from xlv,  xxxv 

Weekly  summary  of  deaths 634 

Mechanical  analyses,  of  mixtures  of  coarse  and  fine  sand    ....  418 

Of  sand  In  Lawrence  city  filter 492 

Of  sands  used  for  experimental  sewage  filters  at  Lawrence  .        .        .  429 

Of  sand  used  for  experimental  water  filters  at  Lawrence       .        .        .  491 

Medfleld,  sewage  disposal  of 586 

Water  supply  of,  examination  of 215 

Medfleld  Insane  Asylum,  water  supply  of,  examination  of  .                        .  215 

Medford,  health  of 770 

Water  supply  of,  examination  of  (see  also  Maiden)       ....  216 

Advice  of  Board 29,  82 

Consumption  of  water  In 871 

Medical  examiners,  returns  of xliv,  xlv 

Meeting-house  Pond,  Westminster 150 

Melrose,  health  of 770 

Water  supply  of,  examination  of  (see  also  Maiden)       ....  218 

Advice  of  Board 84 

Consumption  of  water  in 871 

Ell  Pond 221 

Tubular  wells  near  Ell  Pond 220 

Tubular  wells  in  valley  of  Spot  Pond 219 

Mendon,  water  supply  of 222 

Advice  of  Board 40 

Mendon  Pond,  Mendon  (see  Uxbrldge) 299 

Merrimack  Klver,  examination  of  (see  also  Lawrence  and  Lowell)      .        .  858 

Analyses  of  water  of 181-198 

Analyses  of  water  of,  at  Lawrence  ....       489,  493-495,  580-541 

Flow  of,  at  Lawrence 186 . 
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Merrimack  River  —  Concluded. 

Increase  in  the  amount  of  impurities  in  Merrimack  River  water  from 
point  above  Lowell  to  Lawrence,  as  determined  by  regular 

montlily  examination  of  different  years 359 

Table  comparing  the  analyses  above  Lowell  with  those  above  Law- 
rence, 1898 859 

Methuen,  water  supply  of,  examination  of   . 222 

Advice  of  the  Board 41 

Metropolitan  water  supply xlix 

Micro-organisms.     (See  Bacteria.) 

Middleborough,  consumption  of  water  in 371 

Middleborough  Fire  District,  Middleborough,  water  supply  of,  examina- 
tion of    223 

Middleton,  water  supply  of 223 

Consumption  of  water  in  (see  Dan  vers) 371 

Milford,  health  of 771 

Milk: 

Adulterated 655 

Inspection  of 669 

From  cities,  671 ;  Arom  towns,  671 ;  from  suspected  producers,  672. 

Tables  showing  quality  of,  by  months 673 

Milk,  condensed,  inspection  of 674 

Mill  River,  Deerfield 145 

Millbury,  health  of 771 

Millham  Brook,  Marlborough 213 

Millis,  water  supply  of,  examination  of 224 

Aqua  Rex  Spring 224 

Mills,  Hiram  F.,  A.M.,  C.E.,  the  filter  of  the  water  supply  of  the  city  of 

Lawrence  and  its  results 543-560 

Millville,  examination  of  Blackstone  River  at 351 

Milton,  water  supply  of,  examination  of 225 

Consumption  of  water  in 371 

Pine  Tree  Brook 225 

Tubular  test  well  in  valley  of  Pine  Tree  Brook 225 

'Mineral  analyses  of  sands  used  for  water  filters  at  Lawrence       ...  483 
Mineral  matter  in  sewage,  chemicals  and  effluents  at  World's  Columbian 

Exposition,  Chicago 623 

Molasses,  Inspection  of 682 

Monson,  isolating  hospital  at  State  Primary  School     .....  705 

Montague,  consumption  of  water  in 371 

Montague,  Turner's  Falls  Fire  District,  water  supply  of,  examination  of  .  226 

Lake  Pleasant 226 

Morse  Reservoir,  Leominster 190 

Mortality,  summary  of  weekly  reports  of  cities  and  towns  ....  627 

Total  deaths 630 

Deaths  of  children  under  five  years 630 

Acute  lung  diseases 632 

Consumption 631 

Dlarrhosal  diseases 635 

Diphtheria  and  croup 638 

Measles 634 
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Mortality  —  Concluded, 

Scarlet  fever 684 

Typhoid  fever 682 

Whooping-cough,  malarial  fever,  erysipelas,  puerperal  fever  and  small- 
pox           685 

From  all  causes,  and  from  Influenza,  pneumonia,  phthisis,  bronchitis 

and  heart  diseases,  by  months,  for  four  years     ....  xl 

Of  cities zli 

Morton  and  Cooley  brooks,  Chlcopee 140 

Momf ord  River,  Uxbridge 801 

Mustard,  inspection  of 680 

Mystic  Lake 116 

Nahant,  water  supply  of  (see  also  Swampscott) 227 

Nantucket,  health  of 772 

Water  supply  of,  examination  of 227 

Comparison  of  examinations  of  water  from  Wannacomet  Water 

Compan3r'8  Works,  before  and  after  filtration       .        .        .  281 

Consumption  of  water  in 871 

Wannacomet  Pond 282 

Wannacomet  Pond,  after  filtration 284 

Nashua  River 860 

Chemical  examination  of  water  fi'om  North  Branch  of  Nashua  River 

below  Fltchburg 860 

Chemical  exammatlon  of  water  from  South  Branch  of  the  Nashua 

River  at  Clinton 861 

Natick,  water  supply  of,  examination  of 285 

Consumption  of  water  in 871 

Dug  Pond 285 

Heights  of  water  in  Dug  Pond 287 

Needham,  health  of 772 

Water  supply  of,  examination  of 287 

Consumption  of  water  In 371 

Neponset  River  at  Hyde  Park,  examination  of 177 

New  Bedford,  health  of 772 

Water  supply  of,  examination  of 288 

Consumption  of  water  in 871 

Little  Qnittacas  Pond,  Lakeville 239 

Heights  of  water  in  pond  and  reservoir 240 

Newburyport,  health  of 774 

Water  supply  of,  examination  of 241 

Advice  of  Board 42 

Consumption  of  water  In 871 

Faucet 242 

Reservoir 242 

Tubular  test  wells 248 

Artichoke  River,  West  Newbury 244 

Newton,  health  of '774 

Water  supply  of,  examination  of 244 

Consumption  of  water  in 871 
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Newton —  Concluded* 

Water  sapply  —  Concluded. 

Distributing  reservoir 245 

Faacet  at  pumping  station 244 

Main  underdrain,  beneatli  Laundry  Brook  valley  sewer         .        .        .  248 

Main  underdrain,  Clieesecake  Brook  division 247 

Main  underdrain,  Hyde  Brook  division 246 

NitriflcaUon 412.  428,  477-482,  647,  54S 

Nitrogen,  contained  in  sand  scraped  from  surfiaces  of  water  filters  at  Law- 
rence        486 

Storage  of,  in  experimental  sewage  filters  at  Lawrence         .                .  411 
Storage  of,  in  experimental  water  filters  at  Lawrence   ....    484,  485 

North  Adams,  milk  of 688 

Northampton,  water  supply  of,  examination  of 249 

North  Andover,  health  of 774 

Water  supply  of,  examination  of 249 

Advice  of  Board 44 

Boston  Brook,  Andover 249 

North  Attleborough,  health  of 774 

Water  supply  of,  examination  of 250 

Consumption  of  water  In      .        .        ; 371 

Northborough,  water  supply  of,  examination  of 251 

North  Brookfleld,  sewage  disposal,  advice  of  the  Board       ....  SO 

Water  supply  of,  examination  of 252 

North  Easton,  water  sapply  of 146 

North  Pond,  Orange 261 

North  Reservoir,  Winchester 326 

Norwood,  water  supply  of,  examination  of 254 

Backmaster  Fond,  Dedham 255 

Consumption  of  water  in 371 

Faucets,  supplied  from  Buckmaster  Pond 257 

Heights  of  water  in  Buckmaster  Pond 25S 

Norwood's  Pond,  Beverly 277 

Notification  of  Infectious  diseases xt 

Nutmeg,  inspection  of 680 

Offensive  trades xrlii 

Oldham  Pond,  Pembroke 262 

Olive  oil,  Inspection  of 683 

Orange,  health  of 775 

Milk  of 688 

Water  supply  of,  examination  of 258 

Coolldge  Brook 261 

North  Pond 261 

Organic  matter  In  soils,  amount  and  character  of,  by  T.  M.  Drown,  M.D., 

chemist  of  the  Board 885 

Oxygen,  dissolved,  in  Merrimack  River  water  and  effluents  from  water  filters 

at  Lawrence 482 

In  sewage  from  Lawrence  Street  sewer  .......  408 

Presence  of,  in  water,  explanation  of  success  of  continuous  filtration 

of  water  at  Lawrence 479 
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Palmer  Fire  District,  Palmer,  water  supply  of,  examination  oi    .        .        .  262 

Peabody,  water  supply  of,  advice  of  the  Board 44 

Pembroke,  examination  of  water  from  Big  Sandy  Pond      ....  93 

Furnace  Pond 262 

Little  Sandy  Pond 262 

Oldham  Pond 262 

Silver  Lake 262 

Stetson's  Pond 262 

Pentucket  Lake,  Haverhill 159 

Pepper,  inspection  of 681 

Permanency  of  sewage  filters 410 

Directly  dependent  upon  the  treatment  which  they  receive   .        .        ,  412 

Of  efficiency  of  water  filters  in  removing  bacteria 455 

Pine  Tree  Brook,  Milton 225 

Pittsfield,  health  of 775 

Milbof 687 

Sewage  disposal  of,  advice  of  Board 82 

Pleasant  Lake,  Montague 226 

Ploughing  sewage  filters,  eff'ect  of 415 

Plymouth,  health  of 776 

Sewage  disposal,  advice  of  the  Board 82 

Water  supply  of,  examination  of 264 

Little  South  Pond 264 

Pneumonia,  mortality  from xxxvi 

Polarite,  effect  of,  in  removing  dyestufl^  from  sewage  by  filtration     .        .  427,  446 

Analysis  of 427 

Pond  Brook  at  Gardner,  analyses  of  water  above  sewage  filters  .        .        .  576 

Population  of  towns  having  and  not  having  public  water  supplies       .        .  869 

Powow  Hill  Water  Company 95 

Precipitants  employed  in  purification  of  sewage  at  World's  Columbian 

Exposition 601, 620 

Precipitation,  chemical,  of  sewage  at  Lawrence 405 

Of  sewage  at  World's  Columbian  Exposition 595-624 

Prodigiosus,  Bacillus,  similarity  to  B.  typhi  abdominalls  in  its  mode  of  life 

in  river  water  at  Lawrence 453 

Method  of  application  to  water  filters  at  Lawrence        ....  490 
Tables  showing  numbers  in  applied  water  and  in  effluents  from  various 

water  filters  at  Lawrence 498-495 

Prosecutions 659 

Provincetown,  water  supply  of,  examination  of 264 

Puerperal  fever,  weekly  summary  of  deaths 685 

Purification  of  sewage  and  water.    (See  Sewage,  Filtration  of,  and  Water, 
Filtration  of.) 

Quantitative  efficiency,  of  experimental  sewage  filters  at  Lawrence    .        .  409,  424 

Of  experimental  water  filters  at  Lawrence 454 

Quantity,  of  sand  removed  from  sewage  filters  at  Lawrence                .    418,  414,  416 

Of  sand  removed  flrom  water  filters  at  Lawrence  to  relieve  clogging    .  487 

Of  sewage  pumped  at  Framlugham 567 

Of  water  yielded  by  filters  between  scrapings  at  Lawrence  .                .  487 

Of  water  yielded  by  Lawrence  city  filter 535-541 


Water  sapplf  of,  exAQilnaUoD  of les 

Conaumptlon  of  water  In 3T1 

EeiKlita  of  water  la  storage  reser?otr !69 

Storage  reservoir W 

Town  Brook 264 

Qaiaebaug  River,  ezaminatloD  of,  at  Soutbbridge Sf! 

QaiDepoxet  River,  ezamiDatioii  of,  at  Holden 3CS 

Salafall,  normal,  in  Massachusetta S7I 

At  Dine  places  in  Massachusetts,  geograplilcally  selected     .        .       .    873-379 

Saking,  efft-ct  of,  upon  sewage  Bltere 412, 115 

Bandnlph  and  Holbrook,  water  supply  of,  eiaminatioo  of  ...        .  STO 

ConsampUoD  of  water  in STt 

Great  Pond,  in  Randolph  and  Bralntree J70 

Rate  of  flltratloD,  of  experimental  sewage  fitters  at  Lawrence      .         .        .    M9,  U4 

Of  experiniental  water  Alters  at  Lawrence 4U 

Of  Lawrence  city  Alter 6S1 

EObct  of,  upon  efflciency  of  water  Altera 45S,  ITf 

Maiimmn,  of  Aow  of  water  tliroagh  materials  studied  at  Lawrence     ■  491 

Beading,  health  of 7'E 

Water  supply  of,  examination  of 270 

Consumption  of  water  Id S71 

Begistration  of  vital  statistics  (see  Vital  SUtlstlcs) utII 

Berooval  of  bacteria.    (See  Bacteria,) 

Removal  of  orgaulc  matter.     (See  Chemical  Purification.) 

Reservoirs,  storage  of  water  in,  as  aflected  by  amount  and  cbaractec  of 

organic  matter  In  soils 383 

Besting.  eO^t  of,  upon  sewage  Alters ii9 

Revere,  tiealtb  of 77fi 

Revere  and  WInthrop,  water  supply  of,  examination  of       ...       ,  271 

Consumption  of  water  In 371 

Tnbnlar  wells  of  Revere  Wat«r  Company  at  Cllf  tondale,  S&ugns  .  273 

Rivers,  examination  of 341 

Flow  of  (see  also  Sudbury  River  and  Merrimack  River)         .         .      188, 879-383 

Eoariog  Brook,  Whatelj IIS 

Rochester,  examination  of  Snlpatuit  Pond !T4 

Rockland,  health  of 776 

Water  supply  of  (see  also  Ablngton) 174 

Rocfeport,  water  supply  of,  examination  of 274 

Advice  of  the  Board ■       ,        .        .  4S 

Cape  Pond 274 

Rontine  work  of  Board UU 

Salem,  health  of 777 

Water  supply  of,  advice  of  the  Board 47 

Consumption  of  water  In 371 

Salem  and  Beverly,  water  supply  of,  examination  of 275 

Wenham  Lake,  Beverly  and  Wenham !76 

Heights  of  water  In  Wenham  Lake 277 
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Salem  and  Beverly  —  Concluded. 

Beaver  Pond,  Beverly 277 

Longham  Meadow  Brook,  Beverly 277 

Nonvood's  Pond,  Beverly 277 

Salisbury  Brook,  Brockton 125 

Salisbury  Brook  Storage  Reservoir 126 

Saltonstall  Lake,  Haverhill 158 

Sand,  bacteria  in,  of  experimental  water  filters  at  Lawrence       .        .        .  484-486 

Depth  of,  eflfect  upon  efficiency  of  water  filters 461,  476 

Mechanical  analyses  of,  used  in  filters  at  Lawrence        ....  429,  491 

Mineral  analyses  of,  used  in  water  filters  at  Lawrence   ....  483 

Nitrogen  stored  in,  of  sewage  filters  at  Lawrence         .        .        .        .  411 

Nitrogen  stored  in,  of  water  filters  at  Lawrence 484-486 

Quantity  of,  removed  from  sewage  filters  at  Lawrence  to  relieve 

clogging 418,  414,  416 

Quantity   of,  removed    from  water  filters  at   Lawrence  to  relieve 

clogging 487 

Selection  of,  for  Lawrence  city  filter 548 

Size  of,  effect  upon  efficiency  of  water  filters 462,  475 

Sandy  Pond,  Lincoln 142 

Saugus,  health  of 777 

Water  supply  of  (see  also  Lynn) 278 

Saunders ville,  Grafton,  water  supply  of,  examination  of     .      ' .        .        .  156 

Advice  of  Board 49 

Scarlet  fever,  mortality  ttom xlv,  xxxv 

Weekly  summary  of  deaths 634 

Scltuate,  water  supply  of,  advice  of  the  Board 50 
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To  Uie  Honorable  the  Senate  and  the  House  of  RepreeefUatives. 

The  Board  of  Metropolitan  Sewerage  Commissioners, 
created  by  chapter  439,  Acts  of  1889,  presents  its 

FIFTH   ANNUAL   REPORT. 

The  past  year  has  witnessed  continued  and  steady  prog- 
ress upon  the  work  entrusted  to  this  Board.  On  the  North 
Metropolitan  system,  nine  of  the  thirteen  sections  reported 
as  under  construction  in  our  last  report  have  been  completed 
and  contracts  have  been  made  for  ten  new  sections,  while 
oDe  section  which  had  been  let  was  in  part  re-let,  the  orig- 
inal contractors  being  directed  by  this  Board  to  discontinue 
all  work  on  said  section,  on  account  of  the  same  being 
unnecessarily  and  unreasonably  delayed.  Contracts  have 
also  been  made  for  a  pumping  plant  for  each  of  the  follow- 
ing pumping  stations :  Deer  Island,  East  Boston  and  Mys- 
tic River,  to  be  delivered  and  put  in  place  during  the  year 
1894.  Work  has  also  been  done  under  the  direction  of  the 
Board  upon  the  out-fall  sewer,  extending  from  the  southerly 
edge  of  Deer  Island,  and  upon  the  siphons  under  Shirley 
Gut,  Chelsea  Creek  and  the  Mystic  River. 

The  work  of  constructing  the  Charles  River  Valley  sys- 
tem was  completed  prior  to  the  rendering  of  our  last 
report.  This  system  has  been  in  steady  operation,  and 
numerous  connections  have  been  made  by  the  towns  and 
cities  thereon.  A  list  of  these  together  with  the  cost  of 
operation  of  the  system  will  be  found  in  the  tables  herewith. 

Your  attention  is  respectfully  invited  to  the  report  of  our 
chief  engineer,  submitted  herewith,  and  the  tables  that  follow 
in  connection  with  this  report. 


NORTH  METROPOLITAN  SYSTEM. 

The  condition  of  work  upon  thia  system  maj  be  readily 
ascertained  by  a  comparison  of  the  following  tables  with 
the  map  accompanying  our  engineer's  report.  In  the  first, 
the  sections  on  thia  line  already  completed,  with  ajiproxi- 
mate  length  of  each,  are  abowu,  and  in  the  second,  those 
sections  which  are  in  part  completed,  and  also  the  length 
yet  to  be  constructed. 


North  Metropolitan  Ssslem  {Completed  Sectiont),  Sept.  30, 1893. 


SHttOD. 

LcwailOB. 

Lmglhof 

ConipkUNL 

FmL 

Wharf, 

DeerTsUnd, 

400 

Feb.     3, 1891. 

2,        . 

Deer  Islam), 

S,146 

Dec.   19,1891. 

3,        . 

Deer  Island, 

2,641 

Ang.    8.  1891. 

4. 

Wiiithrop. 

6.710 

June  27,  1891. 

5, 

Winlhrop, 

4,600 

Dee.     2,  1891. 

6.        . 

WiDtfanip, 

4,113.4 

8.        . 

Enst  Boston, 

4,127.6 

June  23,  1892. 

9,        . 

Kaat  Boston, 

3.389 

June  24.  189i. 

12,        . 

Chelsea,    . 

3,036 

Mar.    4,  1893. 

u. 

Chelsea, 

8.448 

Aug.  19,  1893. 

15, 

Chelsea. 

1,760 

July  20.  1892. 

16, 

Everett, 

4,439.7 

May  20,  1893. 

17, 

Everett, 

3,652.5 

Feb.     6,  1893. 

17i,       . 

Everett, 

1,625 

Aug.  10,  1892. 

20,        . 

Medford, 

9,185.6 

Aug.    6,  1893. 

21, 

Medford. 

8,035 

Sept.  10,  1892. 

'2i, 

Everett, 

2,271.6 

April  29,  1893. 

24,        . 

Everett  and  Charlestown. 

2,332 

June    2.  1892. 

26. 

Cbarlestown  and  Somerville, 

3.748 

May  27,  1893, 

40, 

Everett  and  Maiden, 

6,262.7 

April  16.  1893. 

42. 

Melrose  and  Stonehom,    . 

3,050 

June    3,1893. 

48i,       . 

Medford  and  Somerville, 

2,327 

Sept.  SO,  1893. 

Total, 

Less  400  feet  of  wharf. 


JTffrfft  Mtlropolilan  SyKtem  {Uncompleted  Sections),  Sept.  30, 1893. 


8«tlM>. 

LOHtlOB. 

RcctJona. 

Oompltted 

TobcCon- 

1. 

31.      . 

lo;    '. 

22,        . 
2.i,        . 
27, 
28, 

29.  . 

30.  . 
87, 

■11. 

43,        . 

14. 

S'  ; 

46, 

Deer  Island 

Shirlej  Uat,       .... 
Winthrop  nod  East  Boston,      . 
Between  East  Boalon  and  <Jhel- 

Medford.   '.'.'.'.'. 

Mystic  River 

Somerville  and  Cambridge,      . 

Cambridge 

Cnmbridgo 

Cambridge 

East  Boston 

Maiden  and  Melrose, 
Cambridge  and  Somerville,      . 
Winiheeier.       .        .        .        . 

Wini-hesler, 

Winchester,       .        .        .        . 
Winchester  and  Woburn, 

1,890 

4.S0 
818 

712 

6.075 
3,120 
4.300 
6,500 
6,160 
7,020 
4.900 
10,800 
14,460 
5,600 
5,700 
6.600 
6,76  J 

450 
340 
575 

626 
5,078 
425 
S,960 
5,618 
3,116 
4,941 
1,374 
10,363 
10,612 
3,147 
1,895 
6,164 
4,163 

1,440 
190 
273 

86 

997 

1,696 

840 

982 

2.035 

2,079 

3.526 

437 

S,S3» 

2,463 

4,306 

436 

1,687 

Totals 

88,845 

62,046 

26,799 

The  total  length  of  the  sections  upon  the  North  Metro- 
politan system  in  the  above  tables  is  170,643  feet  (32  miles, 
l,fi83  feet).  Of  this  the  completed  portion  amounts  to 
U3,844  feet  (27  miles,  1,284  feet),  while  the  portion  re- 
mnining  to  be  constructed  amounts  to  26,799  feet  (5  miles. 
399  feet).  The  above  is  entirely  independent  of  and  sep- 
arate from  the  Charles  River  Valley  system,  covering  a 
distance  of  about  eight  and  one-quai'ter  miles. 

The  following  settlements  for  land  taken  upon  this  system 
have  been  made  during  the  year  :  — 

Elizabeth  H.  Fowler,  by  deed  dated  Oct.  27,  1892  (re- 
corded Middlesex  South  Dtst.  Keg.,  book  2154,  page  92), 
conveyed  to  the  Commonwealth  the  right  of  way  through 
her  land  in  West  Medford,  included  in  the  taking  made  by 
this  Board,  dated  Nov,  25,  1891 ;  and  Margaret  Magoun,  by 
deed  dated  Dec.  19,  1892  (recoi-ded  Middlesex  South  Dist. 
Reg.,  hook  21G4,  page  587),  conveyed  similar  rights  to  the 
Commonwealth  in  her  land  in  Medford,  included   in  the 
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said  tftking.  On  Dec.  2,  1892,  William  Hannan  of  Maiden 
and  Sarah  Hannan,  his  wife,  in  her  right,  released  to  the 
Commonwealth  by  deed  (recorded  Middlesex  South  Dist. 
Reg.,  book  2162,  page  136)  the  right  of  way  in  her  land  in 
said  Maiden,  included  in  the  taking  made  by  this  Board, 
dated  July  23,  18H2.  Rufus  G.  F.  Candage,  on  Jan.  7, 
1893,  by  deed  (recorded  Suffolk  Reg.,  book  2106,  page  66) 
conveyed  to  the  Commonwealth  similar  rights  and  privileges 
in  his  land  lying  in  Winthrop,  included  in  taking  made  by 
this  Board  on  the  seventh  day  of  May,  1890 ;  and  on  June 
19  of  said  year,  Samuel  C.  Lawrence  of  Medford  conveyed 
to  the  Commonwealth  by  deed  (recorded  Middlesex  South 
Dist.  Reg.,  book  2209,  page  203)  the  right  of  way  across 
his  land  on  High  Street,  Medford.  Charles  E.  Jennings,  by 
deed  dated  Sept.  1,  1893,  released  to  the  Commonwealth 
rights,  privileges  and  easements  in  and  to  a  certain  parcel  of 
land  in  Everett,  included  within  a  taking  made  by  this  Board, 
dated  Oct.  29,  1891,  **  covenanting  with  the  said  Common- 
wealth that  I  will  warrant  and  defend  it  against  all  such 
lawful  claims  by  me  and  those  claiming  under  me,  or  under 
any  assignment  from  Asa  Upham."  This  deed  is  accompa- 
nied by  one  from  Morris  B.  Hall  of  Everett,  assigning  and 
transferring  to  said  Jennings  ''  all  sums  of  money  now  due 
and  coming  due  to  me  from  the  Commonwealth  of  Massachu- 
setts on  account  of  claim  to  damages  by  reason  of  the  taking 
of  land  in  West  Everett,  Mass.,  for  the  Metropolitan  Sewer- 
age, so  called."  This  lelease  is  recorded  Oct.  13,  1893 
(Middlesex  South  Dist.  Reg.,  book  2226,  page  510). 

On  Sept.  13,  1893,  settlement  was  had  by  separate  deeds 
with  William  Richardson  and  William  G.  Richardson,  both 
of  Winchester,  for  rights,  privileges  and  easements  in  and  to 
certain  parcels  of  land  in  said  Winchester,  being  all  the  land 
of  said  grantors  included  in  the  description  or  taking,  signed 
by  the  Metropolitan  Sewerage  Commissioners,  dated  April 
15,  1893.  The  former  deed  is  recorded  in  Middlesex  South 
Dist.  Reg.,  book  2229,  page  225,  and  the  latter  in  Middlesex 
South  Dist.  Reg.,  book  2229,  page  226.  The  last  two  deeds 
are  accompanied  by  a  deed  from  Orlando  M.  Brooks  of 
Woburn,  administrator  of  the  estate  of  Samuel  Brooks,  late 
of  Reading,  deceased,  the  mortgagee  named  in  a  certain 
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mortgage  given  by  William  Richardson,  dated  April  1, 1890, 
releasing  to  the  said  Commonwealth  the  rights,  privileges 
and  easements  described  in  the  foregoing  deeds,  which  release 
is  recorded  in  Middlesex  South  Dist.  Beg.,  book  2229,  page 
224. 

Henry  M,  Whitney,  by  deed  dated  Sept.  19,  1893,  re- 
leases to  the  Commonwealth  a  certain  strip  or  parcel  of  land 
in  Everett,  '^.  being  all  the  land  of  said  grantor  included  in 
the  description  or  taking,  signed  by  the  Metropolitan  Sew- 
erage Commissioners,  dated  Aug.  17,  1891.''  This  deed  is 
recorded  in  Middlesex  South  Dist.  Beg.,  book  2229,  page 
228. 

On  Sept.  22,  1893,  Alfred  Bailey  of  Cambridge  releases 
to  the  Commonwealth  rights,  privileges  and  easements  in  and 
to  a  small  triangular  piece  of  land  in  said  Cambridge,  **  being 
all  the  land  of  said  grantor  included  in  the  description  or 
taking  made  by  the  Metropolitan  Sewerage  Commissioners, 
dated  Feb.  6,  1893"  (Middlesex  South  Dist.  Beg.,  book 
2229,  page  223). 

Land  Takings  and  Purchases. 

On  the  map  accompanying  our  engineer's  report  of  last 
year,  the  route  of  the  sewer  upon  this  system  was  shown, 
and,  with  but  few  exceptions,  covered  the  main  or  trunk  line 
from  Mystic  Lake  to  the  outlet  at  Deer  Island,  with  the 
Maiden  and  Melrose  branch,  and  considerable  of  the  branch 
extending  south  through  Somerville  and  Cambridge.  The 
takings  made  the  past  year  complete,  to  a  considerable  extent, 
the  gaps  on  the  main  line,  extend  the  Cambridge  branch  to 
its  upper  terminus,  include  the  branch  extending  along 
Alewife  Brook,  and  also  the  main  line  extending  from  Mystic 
Lake  northward  through  Winchester  and  Wobum  to  Stone- 
ham,  besides  a  section  of  the  East  Boston  branch.  In  the 
summer  of  1892  a  study  of  the  locality  convinced  the  Board 
that  it  was  desirable  to  change  the  course  of  the  siphon  under 
Chelsea  Creek,  so  that  it  should  pass  under  said  creek  east 
of  the  Chelsea  Street  bridge.  Accordingly,  on  the  eighth 
day  of  October,  a  deed  was  executed  (recorded  Suffolk  Beg- 
istry  of  Deeds,  book  2088,  page  541)  taking  in  fee  simple 
tracts  of  land  in  East  Boston  and  Chelsea  for  sites  for  a 


Dances,  together  with  the  right  of  connecting  the  samo  by  a 
sewer  pasaing  under  Chelsea  Creek. 

On  Feb.  18,  18il3,  "the  right  to  carry  and  conduct  under 
the  following'described  landa  and  therein  to  constmct,  oper- 
ate and  to  forever  maintain  an  underground  main  aewer  and 
connecting  eewera,  drains,  msn-holea  and  underground  ap- 
purtenances, and  to  repair  and  renew  the  same,"  waa  taken, 
by  deed  (recorded  Suffolk  Registry  of  Deeds,  book  2113, 
page  270),  in  "all  those  portions  of  Chelsea  Street,  Eagle 
Square,  Prescott  Street  and  Bremen  Street,  in  that  i>ortion 
of  said  Boston  called  East  Boston,  extending. from  Addison 
Street  and  Chelsea  bridge  to  Marion  Street."  The  gap  on 
this  system  under  the  Mystic  River,  between  Everett  and 
Chnrlestown,  was  taken  by  this  Board  on  Juno  24,  1893,  by 
two  deeds.  One,  recorded  in  Suffolk  Registry,  book  2141, 
page  310,  takes  the  right  of  way  through  Alford  Street  and 
the  city  of  Boston  land  on  the  south-easterly  side  of  said 
street  and  also  in  the  land  under  Mystic  River,  on  the  south- 
easterly side  of  Maiden  bridge,  while  the  other  deed  (re- 
corded in  Suffolk  Registry,  book  2142,  page  311)  takes  in 
fee  simple  a  tract  172  feet  by  145  feet  on  the  north-easterly 
end  of  said  bridge.  These  takings  close  the  gap  existing  at 
the  Mystic  River,  on  the  map  formerly  referred  to. 

The  takings  on  three  other  sections  (28,  29  and  30)  on 
this  branch  (Cambridge  and  Somerville)  have  been  made 
during  the  year,  and  cover  the  land  necessary  for  its  cod- 
stniciion.  Section  28  was  taken  in  two  parts,  by  deeds 
one  dated  Nov.  19,  1892  (recorded  Middlesex  South  Dist. 
Deeds,  book  2158,  page  574),  the  other  Feb.  6.  1893  (re- 
corded Middlesex  South  Dist.  Deeds,  book  2174,  page 
219).  Sections  29  and  30  were  taken  by  deeds,  one  dated 
MarL'h  25,  1893,  and  recorded  in  Middlesex  South  Dist. 
Deeds,  book  2183,  page  245,  and  the  other  dated  July  19, 
1893,  and  recorded  in  Middlesex  South  Dist.  Deeds,  book 
2210,  page  481. 

The  branch  designed  to  relieve  the  foulness  and  pollution 
of  Alewife  Brook  constitutes  sections  43  and  43^.  The  land 
was  taken  on  Section  43  by  two  different  deeds,  the  6r8t, 
dated    Dlc.    17,    1892  (recorded    Middlesex  South  Dist. 
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Deeds,  book  2165,  page  481),  covers  the  spur  of  this  sec- 
tion, extending  from  the  main  line  to  Belmont,  and  the  other 
deed,  dated  Jan.  7,  1893  (recorded  Middlesex  South  Dist. 
Deeds,  book  2169,  page  457),  follows  the  line  of  Alewife 
Brook  from  Concord  Avenue  in  Cambridge  to  the  neighbor- 
hood of  the  Mystic  pumping  station  in  Somerville.  Section 
43^  was  taken  May  20,  1893,  by  deed  (recorded  Middlesex 
South  Dist.  Deeds,  book  2197,  page  139)  and  extends  from 
the  point  last  named  to  the  junction  with  the  main  sewer  at 
the  corner  of  Canal  and  Prescott  streets  in  Medford.  The 
remaining  takings  cover  the  sections  extending  from  the 
northern  terminus  of  Section  22  in  Medford  at  the  Lower 
Mystic  Lake,  through  part  of  Medford,  Winchester  and  Wo- 
burn  into  Stonehnm. 

On  April  15,  1893,  the  Board  took  by  deed  (recorded 
Middlesex  South  Dist.  Deeds,  book  2186,  page  585)  the 
land  in  Winchester,  Woburn  and  Stoneham  lying  on  Section 
46 ;  and  on  the  twenty-second  day  of  the  same  month,  by 
deed  (recorded  Middlesex  South  Dist.  Deeds,  book  2189, 
page  249),  the  land  in  Winchester  lying  on  Section  45. 
These  last  two  sections  cover  the  line  of  the  sewer  from  its 
most  northern  boundary  just  inside  the  line  at  Stoneham  to 
its  point  of  junction  with  the  Mystic  valley  sewer. 

The  Mystic  valley  sewer  and  land  necessary  for  a  parallel 
line,  together  with  the  purifying  works  near  the  Mystic  sta- 
tion on  the  Boston  &  Lowell  Railroad,  were  taken  by  two 
deeds,  executed  July  14,  1893,  and  recorded  in  Middlesex 
South  Dist.  Deeds,  book  2210,  page  161,  and  book  2210, 
page  162,  —  the  former  taking  the  land  and  buildings  in  Win- 
chester owned  by  the  city  of  Boston  and  used  as  the  purify- 
ing station  of  the  Mystic  valley  sewer,  and  the  latter  such 
portions  of  the  Mystic  valley  sewer  itself  as  were  necessary 
for  the  completion  of  this  system,  together  with  land  suf- 
ficient for  a  parallel  line.  The  city  of  Boston,  who  owned 
this  sewer,  authorized  its  transfer  to  the  Commonwealth  by 
the  following  vote :  — 

In  Boston  Watek  Boabd,  Boston,  Ang.  23,  1883. 

Votedj  To  release  to  the  CommoDwealth  of  Massachusetts  for 
the  sum  of  fifty-two  thousand  six  hundred  and  thirty-seven 
dollars  (952,637)  all  the  right,  title  and  interest  which  the  city  of 
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Boston  now  has  vested  in  it  by  virtne  of  a  certain  taking,  recorded 
with  Middlesex  South  District  Deeds,  Aug.  9,  1877,  book  of  par- 
titions, etc.,  27,  page  491,  and  by  a  certain  taking  recorded  with 
said  Deeds,  Dec.  13, 1881,  book  1586,  page  241,  or  otherwise  has  in 
and  to  any  of  the  land  described  in  either  of  two  certain  takings 
itiade  by  the  Metropolitan  Sewerage  Commissioners  in  behalf  of 
said  Commonwealth,  both  dated  July  14,  1893,  and  recorded  with 
said  Deeds,  July  18,  1893,  or  to  the  buildings  or  machinery  on 
the  premises  described  therein. 

Also,  for  said  consideration,  to  release  and  discharge  the  said 
Commonwealth,  its  ofScers,  agents  and  servants,  from  all  claims, 
demands,  actions  and  causes  of  action  by  it  for  damages,  costs, 
expenses  or  compensation  by  reason  of-  the  said  two  takings  by 
said  Metropolitan  Sewerage  Commissioners,  or  any  lawful  acts 
done  under  the  authority  thereof  in  pursuance  of  the  said  takings. 

Also,  for  said  consideration,  to  covenant  and  agree  with  the  said 
Commonwealth  that  it  will  maintain  the  sewer  and  works  in  the 
premises  above  referred  to  and  provide  for  the  disposal  of  all  sew- 
age entering  therein  as  heretofore,  until  such  time  as  the  said 
Commissioners  shall  have  so  far  constructed  and  completed  the 
sewerage  system  provided  for  by  the  plans  referred  to  in  chapter 
439  of  the  Acts  of  1889,  or  within  the  purpose  of  said  act,  as  to 
be  able  to  dispose  of  sewage  at  the  outlet  off  Deer  Island,  pro- 
vided the  same  shall  be  constructed  on  or  before  July  18,  1895, 
or  otherwise  until  said  day  but  no  longer,  and  after  said  July  18 
the  Commonwealth  shall  provide  for  the  disposal  of  such  sewage. 

And  that  the  chairman  of  this  Board  be  authorized  to  counter- 
sign an  instrument  covering  the  matter  above  set  forth,  and  as  the 
matter  does  not  admit  of  delay,  that  the  acting  mayor  be  re- 
quested to  forthwith  execute,  acknowledge  and  deliver  such  instru- 
ment. 

A  true  copy.     Attest : 

(Signed)  W.  E.  Swan,  Secretary* 

On  Oct.  3,  1893,  the  mayor  of  said  city  and  the  chairman 
of  the  Boston  Water  Board,  by  deed  recorded  in  Middlesex 
South  District  Deeds,  book  2242,  page  5,  conveyed  to  the  C!om- 
monwealth  the  sewer  and  works  named  herein  in  accordance 
with  said  vote.  A  further  taking  was  made  in  Winchester, 
dated  Sept.  16,  1893,  and  recorded  in  Middlesex  South  Dis- 
trict Deeds,  book  2223,  page  286,  of  a  small  triangular  piece 
of  land  within  the  location  of  the  Boston  &  Lowell  Railroad 
which  was  not  covered  by  the  taking  dated  July  14,  1893, 
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bat  which  circumstances  had  rendered  necessary  for  the  con- 
Btruction  of  the  sewer  in  that  locality.  On  Aug.  19,  1893, 
the  taking  of  April  22  on  Section  45  was  modified  by 
changing  the  course  of  the  sewer  in  land  of  the  heirs  of 
Samuel  Richardson,  in  accordance  with  an  arrangement  made 
at  their  request.  The  said  taking  is  recorded  in  Middlesex 
South  District  Deeds,  book  2218,  page  117,  and  was  made 
in  lieu  of  payment  of  land  damage  to  the  owners. 

Location  of  Sewer  Line. 

Starting  on  Montvale  Avenue  in  Stoneham,  about  fifteen 
feet  from  the  line  dividing  said  town  from  the  city  of 
Woburn,  the  line  crosses  said  town  line  and  deflects  to  the 
south  in  private  lands,  following,  in  general,  the  course  of 
Clearwater  Brook  to  the  neighborhood  of  the  Stoneham 
Branch  of  the  Boston  &  Lowell  Railroad ;  thence  crossing 
said  railroad  it  follows  the  line  of  a  pond  and  said  brook, 
through  private  estates,  to  its  junction  with  Willow  Brook, 
and  continues  along  the  northerly  side  of  the  latter  brook, 
and  the  canal  leading  therefrom,  to  Washington  Street  in 
Winchester.  Crossing  this  street,  it  follows,  through  pri- 
vate estates  on  the  line  of  Willow  Brook,  to  the  neighbor- 
hood of  the  watch-hand  manufactory,  where  it  crosses  said 
brook  and  follows  its  line,  through  private  estates,  to  Cross 
Street ;  passing  under  the  tracks  of  the  southern  division 
of  the  Boston  &  Maine  Railroad  on  this  sti*eet  it  follows  the 
line  of  said  railroad  to  a  point  near  the  crossing  of  Willow 
Brook  by  said  railroad,  and  thence  follows,  in  general,  the 
line  of  said  brook,  through  private  estates,  crossing  Swanton 
Street,  to  a  point  within  the  location  of  the  Woburn  Branch 
of  the  Boston  &  Maine  Rsiilroad,  near  Abbajona  Pond, 
Winchester;  thence  it  passes  through  railroad  and  private 
land,  parallel  with  the  Mystic  valley  sewer,  to  Main  Street, 
thence  through  Main  and  Common  streets  to  the  Winchester 
station,  where  it  again  enters  private  estates,  and  crossing  to 
the  east  side  of  the  railroad,  continues  to  a  point  about  three 
hundred  feet  south  of  Mystic  station.  Here  the  railroad  is 
crossed  again,  and  the  line  is  continued  through  private 
estates  to  a  point  in  the  old  Middlesex  Canal,  opposite  the 
precipitation,  works  of  the  city  of  Boston,  and  then  follows 
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the  canal  to  the  terminus  of  Section  22,  near  the  Lower 
Mystic  Lake.  This  line  measures  23,545  feet,  of  which 
2,710  are  in  public  highways  and  20,835  in  private  land. 

The  branch  extending  south  for  the'' relief  of  Alewife 
Brook  and  that  neighborhood  leaves  the  trunk  line  at  the 
junction  of  Canal  and  Prescott  streets,  in  Medford,  follows 
the  former  street  and  crosses  private  estates  to  the  Mystic 
River.  Crossing  the  river  and  a  private  estate,  it  follows 
Boston  Avenue  and  a  private  way  to  Jerome  Street,  near 
the  Mystic  pumping  station ;  and  then,  passing  through 
land  of  the  city  of  Boston  and  sundry  private  parties, 
follows  the  general  line  of  Alewife  Brook  to  Concord  Avenue 
in  Cambridge.  A  branch  of  this  line  starts  near  the  junc- 
tion of  the  Massachusetts  Central  with  the  Lexington  and 
Arlington  Branch  Railroad,  and  follows  the  general  line  of 
the  former  road,  through  private  lands,  across  the  town  line 
into  Belmont.  These  sections  measure  17,030  feet  in  length, 
1,155  of  which  are  in  public  highways  and  15,875  in  pri- 
vate lands. 

The  line  of  the  Cambridge,  Somerville  and  Charlestown 
branch  was  described  in  our  last  annual  report  from  its 
junction  with  the  main  sewer  in  Everett  to  the  comer  of 
Portland  and  Bristol  streets  in  Cambridge.  From  this 
point  it  passes  through  Portland  and  Albany  streets,  across 
Front  Street,  Cambridge,  thence  through  private  lands  to 
Waverly  Street  and  through  Waverly  Street  to  its  junc- 
tion with  Henry  Street.  Here  it  passes  through  pri- 
vate land,  crosses  Brookline  Street  and  other  private 
land,  crosses  Pearl,  Granite  and  Magazine  streets,  and 
continues  through  private  estates  to  River  Street,  and 
thence  via  Blackstone,  Albro  and  a  proposed  street  to  West- 
ern Avenue.  From  the  latter  point  private  lands  are  crossed 
to  De  Wolf  Street.  This  street  and  Dyke  Street  are  followed 
to  other  private  lands,  which  are  crossed,  to  Boylston  Street, 
and  thence  crossing  Boylston  Street  the  line  continues  via 
Eliot  Street,  Eliot  Square  and  Mt.  Auburn  Street,  and 
terminates  on  the  latter  street  at  its  junction  with  Lowell 
Street.  These  three  sections  measure  18,660  feet,  6,820  of 
which  lie  in  private  lands  and  11,840  in  public  highways. 

By  the  taking  made  Oct.  8,  1892,  the  line  of  the  sewer 
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between  East  Boston  and  Chelsea  was  changed  so  that 
as  now  laid  out  it  extends  from  the  terminus  of  Section  12 
on  Marginal  Street  in  Chelsea,  across  flats  bordering  on 
the  bridge  and  Eastern  Avenue,  under  Chelsea  Creek,  to 
the  neighborhood  of  the  crossing  of  Addison  Street  by  the 
Grand  Junction  Railroad  in  East  Boston.  From  here  it 
continues  through  Chelsea  Street,  Eagle  Square,  Prescott 
Street  and  Bremen  Street  to  its  junction  with  Marion 
Street.  The  length  of  this  line,  including  the  siphon  under 
Chelsea  Creek,  is  5,760  feet,  5.140  of  which  lie  in  public 
highways  and  620  in  private  land,  the  latter  including  the 
river  and  flats  adjacent  thereto. 

The  following  correspondence  passed  between  this  Board 
and  the  War  Department  at  Washington,  D.  C,  in  relation 
to  the  construction  of  work  in  contact  with  tide-water,  and 
the  same  plans  have  received  the  approval  of  the  Board  of 
Harbor  and  Land  Commissioners  of  this  State :  — 

COMMONWEALTH  OF  MASSACHUSETTS. 

Metropolitan  Sbwbbagb  Commission,  110  Botlston  Street, 

Boston,  April  8,  1893. 

To  the  Honorable  Daniel  S.  Lamoxt,  Secretary  of  War  of  the  United  Statee  of 
Amenca* 

Respectf ally  represents  the  Board  of  Metropolitan  Sewerage 
Commissioners  of  Massachusetts  that  your  Department  approved, 
April  9, 1891,  various  constructions  pertaining  to  the  Metropolitan 
sewerage  system,  and,  among  others,  a  siphon  under  Shirley  Out, 
between  Winthrop  and  Deer  Island,  which  siphon  was  shown  on 
Tracing  No.  830  (submitted  on  March  21,  1891)  as  composed  of 
three  lines  of  sixty-inch  pipe.  This  Board  now  desires  to  have  the 
siphon  consist  of  a  single  pipe  with  an  inside  diameter  of  six  feet 
two  inches  and  an  outside  diameter  of  eight  feet  five  inches  (which 
proposed  change  was  approved  by  the  Massachusetts  Board  of 
Harbor  and  Land  Commissioners  on  April  5,  1893),  as  shown  on 
Tracing  No.  1560,  submitted  herewith.  This  modification  places 
the  upper  surface  of  the  pipe  at  the  same  depth  as  in  former  plan. 
The  position  of  the  pipe  in  plan  as  now  proposed  is  the  same  as 
the  middle  pipe  formerly  proposed. 

Mr.  Howard  A.  Carson,  our  chief  engineer,  is  at  your  service 
to  furnish  any  further  information  you  may  desire. 

Wherefore  this  Board  respectfully  requests  that  the  said  work, 
as  last  above  described,  may  be  authorized,  approved  and  per- 
mitted. (Signed)         Hosea  Kingman, 

Cliairman  Metropolitan  Sewerage  Commissioners, 
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Officb  of  thb  Chibf  op  EnoiNBEBSt  Ubtted  States  Akmt, 

Washington,  D.  C  ,  April  24,  1893. 

Mr.   HosBA   Kingman,    CAairman   lietropolUan   Sewerage  Commistionen,  110 
Boyhton  Street,  Boatotit  iiasiochiuettt. 

Sir  :  —  Referring  to  your  letter  of  the  8th  instant,  sabmitting 
to  the  Secretary  of  War,  with  request  for  approval,  a  drawing 
showing  proposed  modification  of  the  plan  approved  by  the  War 
Department  April  9, 1891,  for  a  siphon  under  Shirley  Gut,  between 
Winthrop  and  Deer  Island,  I  have  to  advise  yon  that  the  Secretary 
of  War  has  approved  this  modified  plan  under  date  of  the  21st 
instant.  By  direction  of  the  Chief  of  Engineers, 

Very  respectfully,  your  obedient  servant, 
(Signed)        H.  M.  Adams,  Major ^  Corps  qf  Engine«r$. 

COMMONWEALTH  OP  MASSACHUSETTS. 

Mbtkopolitan  Sewbraoe  Commission,  110  Botlston  Strbbt, 

Boston,  May  27,  188S. 

To  the  Honorable  Danibl  S.  Lamont,  Secretary  of  War  of  the  United  Statet  of 
Arnertca* 

Respectfully  represents  tlie  Board  of  Metropolitan  Sewerage 
Commissioners,  ordered  by  chapter  439  of  the  Acts  of  1889  of  the 
General  Court  of  said  Commonwealth  to  construct  the  Metropolitan 
sewerage  system ;  that  your  department  approved  April  9, 1891, 
various  constructions  in  Boston  harbor  pertaining  to  this  system, 
and,  among  others,  an  outfall  from  the  southerly  end  of  Deer 
Island,  which  outfall  was  shown  on  Tracing  No.  829  (submitted 
March  21,  1891).  The  said  tracing  showed  the  outfall  to  consist 
of  three  lines  of  four-foot  pipe.  This  Board  now  desires  to  have 
the  outfall  consist  of  one  line  of  pipe  with  an  inside  diameter  of 
six  feet  two  inches  and  an  outside  diameter  of  about  nine  feet 
(Method  A)  ;  or  of  two  lines  of  pipe  each  having  an  internal 
diameter  of  five  feet  and  an  outside  diameter  of  about  five  feet 
four  inches  (Method  B) ;  or  consisting  partly  of  construction  by 
Method  A  and  partly  by  Method  B,  as  the  diflSculties  met  with  in 
actual  work  shall  dictate ;  all  as  shown  on  Tracing  No.  1621,  sub- 
mitted herewith.  The  centre  line  and  upper  surface  of  the  oon- 
struction  as  now  proposed  (either  Method  A  or  B)  differs  but 
slightly  from  that  formerly  proposed.  Mr.  Howard  A.  Carson, 
our  chief  engineer,  is  at  your  service  to  furnish  any  further 
information  you  may  desire. 

Wherefore  this  Board  respectfully  requests  that  the  said  changed 
construction,  as  above  described,  may  be  authorized,  approved 
and  permitted.  (Signed)         Hosea  Einoman, 

Chairman  Metropolitan  Sewerage  Commissioners, 
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COMMONWEALTH  OF  MASSACHUSETTS. 

Mbtkovolitan  Sbwbbaob  Commission, 

110  BoTLSTox  St&bet,  BosToir,  May  27,  1898. 

To  tbe  Honorable  Damibl  S.  Lamomt,  Sdcr^tary  of  War  of  the  United  States  of 
America, 

Respectfully  represents  the  Board  of  Metropolitan  Sewerage 
CommissioDers,  ordered  by  chapter  489  of  the  Acts  of  1889  of  the 
General  Court  of  said  Commonwealth  to  oonstruct  the  Metropolitan 
Sewerage  System,  that  your  department  approved  April  9,  1891, 
variouB  conatructlons  in  Boston  harbor,  pertaining  to  this  system, 
and,  among  others,  a  siphon  nnder  Mystic  River  at  Maiden  bridge, 
which  siphon  was  shown  on  Tracing  No.  851  (submitted  March  21, 
1891).  The  said  tracing  showed  the  siphon  to  consist  of  two 
lines  of  foar-foot  pipe.  This  Board  now  desires  to  have  the 
siphon  consist  of  one  line  of  pipe  with  an  inside  diameter  of  five 
feet  and  an  oatside  diameter  of  about  seven  feet,  the  pipe  to  be  laid 
to  a  depth  not  less  than  shown  by  the  upper  profile  if  constructiotii 
is  done  by  tunnelling,  or  to  a  depth  not  less  than  shown  by  the 
lower  profile  if  construction  is  done  by  dredging,  or  it  may  be 
necessary  to  do  part  by  tunnelling  and  part  by  dredging,  as  the 
difilcolties  met  with  in  actual  work  shall  dictate ;  all  as  shown 
on  Tracing  No.  1598,  submitted  herewith. 

Mr.  Howard  A.  Carson,  our  chief  engineer,  is  at  your  service 
to  furnish  any  further  information  you  may  desire. 

Wherefore  this  Board  respectfully  requests  that  the  said  changed 
construction,  as  above  described,  may  be  authorized,  approved 

and  permitted. 

(Signed)  Hosea  Kingman, 

Chairman  Metropolitan  Sewerage  Commisgumers, 

The  plans  for  construction  at  the  out-fall  at  Deer  Island, 
and  also  for  the  siphon  under  Mystic  River  at  Maiden  Bridge 
as  amended,  were  both  duly  approved  by  the  War  Depart- 
ment and  work  is  in  progress  thereon. 


Contracts, 

Contracts  for  the  construction  of  ten  new  sections  have 
been  made  on  this  line  during  the  past  year  and  one  section 
tinder  contract  was  in  part  re-let,  as  previously  stated. 
The  methods  of  advertising,  receiving  bids  and  awarding 
contracts  have  been  fully  described  in  our  previous  reports 
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and  were  followed  in  these  particular  cases.  Oct.  22, 1892, 
was  the  date  for  receiving  bids  on  Section  28,  Cambridge, 
when  the  number  received  was  twelve,  as  shown  in  Table  A, 
Appendix,  and  the  contract  was  awarded  to  John  L.  Rear- 
don  &  Co.,  the  lowest  bidders.  On  Oct.  12,  1892,  the  fol- 
lowing communication  was  laid  before  the  Board :  — 


COMMONWEALTH  OF  MASSACHUSETTS. 

Chief  Enoineer's  Office,  Metropolitan  Sbwb&aob  Commisaioit, 

Room  b,  93  Lincoln  Street,  Boston,  Oct.  10,  1892. 

Messrs.  Hosea  Kingman,  Tilly  Hatnes,  Harybt  N.  Collison,  MetropaUiam 
Sewerage  Commission&n,  Boston,  Mass. 

Gentlemen  :  —  I  have  frequently  reported  to  you  the  slow  prog- 
ress of  the  sewer  and  the  various  mishaps  which  have  occurred 
on  Poplar  Street,  Section  27,  McGovern  &  Eitch,  contractors. 
The  said  contractors,  however,  have  until  now  been  making  fair 
progress  on  Portland  Street,  and  their  progress,  taking  both  work- 
ing sections  together,  has  been  such  that  I  did  not  think  it  best  to 
make  to  you  the  formal  certificate  of  complaint  required  by 
article  L,  page  41  of  the  contract.  To-day,  however,  the  work  on 
Portland  Street  was  stopped,  and  I  am  told  that  the  men  were  paid 
off  and  discharged.  Little  or  no  progress  has  been  made  on  the 
Poplar  Street  working  section  for  ten  days  or  more.  I  know  of 
no  valid  reason  for  their  delaying  the  work,  especially  that  on 
Portland  Street,  and  I  hereby  certify  that,  in  my  opinion,  the  said 
work  is  unnecessarily  and  unreasonably  delayed.  I  make  this 
certificate  so  that  if  you  desire  you  can  take  some  action  at  your 
meeting  on  Wednesday,  but  I  recommend  that  no  action  be  taken 
until  Friday  or  Saturday,  for  the  reason  that  contractor  Eitch  is 
away  and  is  expected  to  return  on  Thursday,  and  contractor 
McGovern  states  that  he  is  unable  to  say  what  he  shall  do  until 
said  Eitch  returns.  I  have  arranged  to  pump  out  the  stagnant 
water  in  the  trench,  which  caused  a  nuisance. 

Yours  respectfully, 
(Signed)        H.  A.  Carson,  Chief  Engineer. 

The  clerk  was  thereupon  directed  to  notify  said  contract- 
ors to  appear  before  this  Board  on  Saturday,  Oct.  15, 181^2, 
in  accordance  with  which  the  following  communication  was 
sent : — 
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Board  of  Metropolitan  Srweraob  Commissioners  of  Massachusetts, 

93  Lincoln  Street,  Boston,  Oct.  12,  1892. 

Messrs.  MoOovern  &  Kitch,  Hotel  Warren,  Somerville,  Mass. 

Gentlemen:  —  Will  you  meet  the  Board  on  Saturday  neztt 
(Oct.  15,  1892)  at  eleven  o'clock,  prepared  to  decide  whether 
yoa  will  abandon  your  contract  or  not,  and ,  also,  whether  the  work 
called  for  by  said  contract  shall  be  taken  and  completed  by  the 
Board  at  your  expense,  under  the  terms  and  conditions  of  Section 
L,  page  41,  of  said  contract,  or  not? 

For  the  Board, 
(Signed)      Edward  P.  Fisk,  Clerk, 

The  said  contractors  failed  to  appear  as  notified  and  the 
following  communication  was  submitted  to  the  Board  by  the 
chief  engineer :  — 

COMMONWEALTH  OF  MASSACHUSETTS. 

Metropolitan  Seaverage  Commission,  Chief  Engineer's  Office, 

Room  6,  93  Lincoln  Street,  Boston,  Oct.  15,  1892. 

Messrs.  Hosba  Kingman,  Tilly  Haynes,  Haryey  N.  Collison,  Metropolitan 
Sewerage  Commieeionen,  Boston,  Mass. 

Gentlemen  :  —  I  hereby  certify  that  in  my  opinion  the  work  on 

Section  27,  McGovern  <&  Kitch,  contractors,  is  unnecessarily  and 

unreasonably  delayed. 

Yours  respectfully, 

(Signed)        H.  A.  Carson,  Chief  Engineer. 

Thereupon,  the  following  votes  were  passed  by  the 
Board :  — 

Voted,  That  McGovern  &  Kitch,  the  contractors  for  work  on 
Section  27,  be  notified  to  discontinue  all  work  under  their  contract 
for  work  on  said  section ;  that  work  on  said  section  be  immediately 
prosecuted  by  the  Board,  under  the  direction  of  the  engineer,  in 
accordance  with  provisions  of  Section  L  of  their  contract. 

Voted^  That  the  surety  on  bond  be  also  notified  of  notice  to  the 
contractors. 

In  accordance  with  the  above  votes,  the  contractors  were 
notified  of  the  action  of  the  Board,  one  copy  being  sent  to 
them  by  mail  and  another  being  delivered  by  messenger  at 
their  residence  in  Somerville ;  and  a  communication  was 
sent  to  the  Boston  office  of  the  American  Surety  Company 
of  New  York,  the  surety  on  said  contractors'  bond,  notify- 
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ing  said  company  of  the  Board's  action.  The  Board  there- 
upon advertised  for  bids  for  the  construction  of  that  portion 
of  this  section  from  station  17  in  Medford  Street,  near  the 
Fitchburg  Railroad,  Somerville ;  through  Medford,  Warren 
and  Portland  streets  to  the  end  of  the  section  at  station  47 
plus  50,  near  Bristol  Street,  Cambridge,  a  distance  of  about 
3,050  feet.  The  bids  were  received  and  opened  on  Nov.  5, 
1892,  when  the  Metropolitan  Construction  Company,  the 
lowest  of  seven  bidders,  received  the  award  and  duly 
executed  the  contracts. 

One  week  later,  on  Nov.  12,  1892,  fourteen  bids  were 
received  for  the  construction  of  Section  43,  following  the 
general  line  of  Alewife  Brook  from  a  point  near  the  Mystic 
Pumping  Station  in  Somerville  to  Concord  Avenue,  Cam- 
bridge ;  with  branches  at  Broadway,  Somerville ;  at  the 
Middlesex  Central  Railroad ;  and  from  the  exteosion  of 
Spruce  Street,  Cambridge,  extending  nearly  parallel  with 
the  Massachusetts  Central  Railroad  to  the  Belmont  town 
line ;  a  total  distance  (including  branches)  of  about  14,450 
feet.  This  section  was  awarded  to  the  lowest  bidder 
(Metropolitan  Construction  Company)  and  contracts  therefor 
were  duly  executed.  No  other  bids  were  opened  until 
February,  1893. 

On  the  llth  of  that  month  seven  bids  were  received 
for  the  construction  of  Section  37,  lying  in  Chelsea  Street, 
East  Boston,  from  a  point  near  Addison  Street  through  said 
street  and  Prescott  and  Bremen  streets  to  Brooks  Street. 
John  Sheehan,  the  lowest  bidder,  received  the  award  and 
executed  contracts. 

Bids  for  building  Section  46,  covering  the  line  of  this 
system  at  its  extreme  north,  were  received  and  opened  on 
Feb.  25,  1893,  when  from  ten  bids  that  of  Charles  Linehan, 
the  lowest  bidder,  was  accepted,  and  the  contracts  duly 
executed  by  him. 

One  month  later  bids  on  Section  29,  Cambridge,  and 
Section  45,  Winchester,  were  received,  seven  on  the  former 
and  ten  on  the  latter.  After  a  full  consideration,  the  con- 
tract on  Section  29  was  awarded  to  Lindsay  &  Cudmore,  the 
lowest  bidders,  and  that  on  Section  45  to  Everson  &  Liddle, 
and  contracts  were  duly  executed  by  these  parties.     (Lind- 
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say  &  Cudmore,  the  lowest  bidders  on  this  latter  section, 
having  been  awarded  the  contract  on  Section  29,  requested 
that  they  be  permitted  to  withdraw  their  bid  on  Section  45 ; 
this  permission  was  granted  and  the  contract  was  awarded 
to  Everson  &  Liddle.) 

The  portion  of  sewer  following  the  general  coarse  of 
Alewife  Brook,  extending  from  the  neighborhood  of  the 
Mystic  Pumping  Station  in  Somerville  to  the  junction  of 
this  branch  with  the  main  sewer  at  the  corner  of  Prescott 
and  Canal  streets  in  Medford,  was  opened  to  bidders 
May  13,  1893,  when,  from  three  bids,  that  of  the  Metro- 
politan Construction  Company,  the  lowest,  was  accepted, 
and  the  contracts  in  due  time  were  executed. 

On  June  3,  1893,  bids  were  received  for  constructing 
Section  30  in  Cambridge  and  Section  44  in  Winchester. 
Three  bids  were  received  on  Section  30  and  two  on  Section 
44,  and  both  sections  were  awarded  to  Jones  &  Meehan, 
the  lowest  bidders  in  each  case,  who  duly  executed  contracts 
with  the  Commonwealth. 

On  the  19th  of  August  bids  were  received  on  Section 
44^,  extending  from  the  terminus  of  Section  22  at  Mystic 
Lake,  parallel  with  the  Mystic  Valley  sewer,  to  the  neigh- 
borhood of  the  Winchester  station.  Nine  bids  were  re- 
ceived, and  Weaving,  Booth  &  Co.,  the  lowest  bidders, 
were  awarded  the  contract  and  executed  the  same. 


Contracts  for  Puaiping  Plant. 

Contracts  have  been  made  the  past  year  for  the  pumping 
plant  for  the  stations  on  this  system  at  the  Mystic  River 
(Charlestown),  Chelsea  Creek  (East  Boston),  and  at  Deer 
Island.  The  bids  for  the  two  latter  stations  were  received 
May  27,  1893,  and  for  the  former  on  July  1,  1893.  Ten 
competitors  presented  plans  and  bids  for  the  station  at  East 
Boston  and  nine  for  that  at  Deer  Island,  while  only  three 
contended  for  that  at  Mystic  River,  Charlestown.  The  bid 
of  the  Edward  P.  Allis  Company,  the  lowest  bidder  in  each 
case,  was  accepted  and  contracts  executed.  Full  particulars 
of  these  bids  and  of  all  bids  received  by  the  Board  are  given 
in  the  Appendix  herewith. 
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Expenditures. 

The  expenditures  upon  this  system,  including  all  payments 
on  account  of  contracts  during  the  twelve  months  ending 
Sept.  30,  1893,  amount  to  $1,  172,269.02.  This,  with  the 
amount  previously  reported,  $1,662,257.10,  makes  the  total 
expenditures  to  date  $2,834,526.12.  Your  attention  is 
called  to  the  tables  submitted  herewith  for  matters  of  detail. 

Charles  River  Valley  System. 

This  system  was  completed  prior  to  the  rendering  of  our 
last  annual  report,  and  beyond  the  settlement  of  land  dam- 
age with  sundry  parties  and  its  steady  operation,  there  is 
but  little  to  report.  Table  D  in  the  Appendix  contains  a 
full  statement  of  the  cost  of  operation  for  the  year  ending 
Sept.  30,  1893,  and  the  following  settlements  have  been 
made  for  land  damage :  on  Oct.  20,  1892,  Henry  M.  and 
Sarah  M.  L.  Bates,  by  deed  recorded  with  Middlesex  South 
District  Deeds,  book  2155,  page  161,  released  to  the  Com- 
monwealth land  of  theirs  in  Newton,  taken  by  this  Board, 
by  deed  dated  March  7,  1891.  On  Dec.  20,  1892,  a  release 
was  given  to  the  Commonwealth  by  Sarah  T.  Hewes,  which 
is  recorded  with  Middlesex  South  District  Deeds,  book  2167, 
page  273,  of  rights,  privileges  and  easements  in  land  lying 
partly  in  Newton  and  partly  in  Watertown.  Emily  A.  and 
William  C.  Parker,  by  deed  dated  Jan.  6,  1893,  conveyed 
to  the  Commonwealth  rights,  privileges  and  easements  in 
and  to  land  in  that  part  of  Newton  called  Newtonville, 
which  deed  is  recorded  in  Middlesex  South  District  Deeds, 
book  2170,  page  388,  and  is  accompanied  by  a  release  to  the 
Commonwealth  from  the  Newton  Savings  Bank,  the  mortga- 
gee, recorded  in  Middlesex  South  District  Deeds,  book  21 70, 
pages  385  and  386.  John  C.  Chaffin,  by  deed  dated  Jan. 
12,  1893,  conveyed  similar  rights  in  land  of  his  at  Newton- 
ville, said  deed  being  recorded  in  Middlesex  South  District 
Deeds,  book  2170,  page  386.  Joseph  W.  Pearson  and  Han- 
nah E.,  his  wife,  in  her  own  right,  conveyed  by  deed  dated 
Jan.  28,  1893,  and  recorded  in  Middlesex  South  District 
Deeds,  book  2177,  page  81,  rights,  privileges  and  easements 
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ia  land  in  Newton,  and  Jonathan  W.  Bemis,  by  deed  dated 
March  1,  1893,  recorded  in  Middlesex  South  District  Deeds, 
book  2177,  page  226,  released  to  the  Commonwealth  rights, 
privileges  and  easements  in  his  land  in  Newton,  included  in 
the  description  or  taking  made  by  this  Board,  recorded 
March  24,  1891,  in  the  above  registry.  The  latter  deed  is 
accompanied  by  a  release  from  Theophilus  Frye,  a  lessor  of 
part  of  this  estate,  to  the  Commonwealth  of  all  claims,  de- 
mands, actions  and  causes  of  actions  whatsoever  arising 
from  the  construction,  operation  and  maintenance  of  tha 
sewer.  Clarence  W.  Jones,  trustee  for  Annie  L.  Jackson, 
and  the  said  Annie  L.  Jackson,  by  deed  dated  March  6, 
1893,  released  to  the  Commonwealth  rights,  privileges  and 
easements  in  and  to  a  certain  parcel  of  land  in  Watertown, 
their  deed  being  recorded  in  Middlesex  South  District 
Deeds,  book  2182,  page  316. 

The  Butchers'  Slaughtering  and  Melting  Association,  by 
W.  F.  Warren,  treasurer,  duly  authorized  by  vote  of  the 
stockholders,  conveyed  to  the  Commonwealth  by  deed  (re- 
corded, Suffolk  Registry,  book  2152,  page  241)  certain 
rights,  privileges  and  easements  in  a  portion  of  a  certain 
estate  on  Western  Avenue,  Brighton,  known  as  the  Charles 
Biver  Hotel  estate,  included  in  the  taking  made  by  this 
Board  March  7,  1891,  said  portion  containing  the  sewer, 
with  land  sufficient  for  its  operation.  In  part  compensation, 
this  Board  released  to  said  Association  all  that  portion  of 
this  estate  included  within  the  said  taking,  and  not  described 
in  said  deed.  Parties  upon  this  line,  with  whom  no  agree- 
ment as  to  the  amount  of  damages  sustained  were  made, 
have  brought  actions  against  the  Commonwealth,  claiming 
that  they  are  injured  by  the  taking  of  their  respective 
estates  and  property,  and  the  same  are  now  pending  in  the 
Superior  Court  in  Suffolk  and  Middlesex  counties  as  fol- 
lows :  — 

Suj^olk  County.  —  Frederick  Ayer,  land  in  Boston  adjoining 
Back  Bay  Fens ;  Francis  W.  Lawrence  et  aZ.,  trustees,  land  partly 
in  Boston  and  partly  in  Brookline  (St.  Marj's  Street)  ;  Francis 
W.  Lawrence,  St.  Mary's  Street;  George  Wheatland,  Jr.,  St. 
Mary's  Street ;  Boston  &  Albany  Railroad  Company,  land  corner 
of  Essex  Street  and  Commonwealth  Avenue,  Boston;  Eben  D. 
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Jordan    (Beacon  Park),   Brighton;   Butchers'  Slaughtering  and 
Melting  Association,  Brighton ;  John  E.  Cassidy,  Brighton. 

Middlesex  County,  —  Boston  &  Albany  Railroad  Company,  part 
of  location,  Newton ;  John  E.  Cassidy,  Newton ;  Walter  U.  Law- 
son,  Newton ;  George  F.  Livermore,  Newton ;  Albert  Brackett, 
Newton. 

The  claims  of  the  National  Conetruction  Company  for 
additional  compensation  for  the  construction  of  Sections  C 
and  D,  and  that  of  Jones  &  Meehan  for  similar  claims  on 
Sections  E,  F  and  G,  have  been  settled  and  releases  given 
by  these  parties  to  the  Commonwealth,  the  former  bearing 
date  of  July  5, 1893,  and  the  latter  the  date  of  July  31, 1893. 

The  towns  and  cities  embraced  within  this  system,  in 
addition  to  the  connections  stated  in  our  last  annual  report, 
have  made,  in  accordance  with  plans  approved  by  this  Board, 
connections  with  the  Metropolitan  sewer  as  per  accompany- 
ing table :  — 

Connections  made  with  the  Metropolitan  Sewer  in  the  Charles  River 
Valley  from  Sept.  30,  1892,  to  Sept.  30, 1893. 


Datb. 


City  or  Towd. 


LocAlton  of  Connection. 


Size. 


189S. 

Oct.     8,  . 

Oct.  18,  . 

Oct.  28,  . 

1898. 

Jan.  27,  . 

Feb.    3,  . 

May    2,  . 

May  11,  . 

Moy  12,  . 

May  26,  . 

July    1,  . 

Aug.  25,  . 

Sept.  1,  . 

Sept.  26,  . 


.        . 


.       . 


Boston, 

Kewton, 

Boston, 

Boston  (Brighton), 

Boston  (Brighton), 

Boston, 

Boston  (Brighton), 

Newton, 

Boston, 

Watertown, 

Boston  (Brighton), 

Boston  (Brighton), 

Newton, 

Boston  (Brighton), 


Huntington  Avenue  and  Parker  Street,     . 

Near  Cheesecake  Brook,     .... 

Commonwealth  Avenue  and  St.  Mary's 

Street. 
Western  Avenue  near  Everett  Street, 

Near  Salt  Creek 

Vila  Street, 

Near  Parsons'  Brook, 

California  and  Said  streets,         .       . 

Park  Commissioners'  Administration  Build 

ing. 
Barker's  Starch  Factory,     .... 

Near  Faneuil  Station, 

Rena  and  Bertram  streets 

California  and  Dalby  streets. 

The  Abattoir 


15  inch. 
24  Inch. 
18  inch. 
24  inch. 

24  inch. 

24  Inch. 

24  inch. 

10  inch. 
,  6  inch. 

6  inch. 
I  15  Inch. 
{  15  inch. 
I  10  inch. 
I  15  inch. 
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These,  with  the  coDnections  reported  in  our  last  annual 
report,  show  twenty-seven  connections  made  with  the 
Metropolitan  sewer  by  the  towns  and  cities  embraced  within 
this  system,  which  are  distributed  as  follows :  Boston, 
six;  Brookline,  one;  Boston  (Brighton),  nine;  Watertowo, 
four;  Newton,  six ;  Waltham,  one. 

The  expenditures  upon  this  system,  including  all  pay- 
ments on  account  of  contracts  during  the  twelve  months 
ending  Sept.  30, 1893,  but  not  including  expenses  of  operation 
which  are  particularly  stated  in  Table  D  of  the  Appendix, 
amount  to  $28,882.27.  This,  with  the  amount  previously 
reported,  $679,787.03,  makes  $708,669.30  as  the  total  ex- 
penditures to  date. 

Your  attention  is  called  to  tables  submitted  herewith  for 
matter  of  detail. 

During  the  year  $12,783.61  has  been  expended  that  is 
chargeable  to  both  systems  in  general,  which  amount,  added 
to  that  formerly  reported,  $1/),997.21,  makes  $28,780.82  so 
spent  to  this  date.  The  expenditures  of  this  Board  to  date 
may  be  stated  concisely  thus  :  — 

North  Metropolitan  system, $2,884,526  12 

Charles  Riyer  Valley  system, 708,669  30 

Both  systems, 28,780  82 

18,571,976  24 

Engineering,  administrative  and  contingent  expenses,      .       126,804  16 

Total  expenditures  to  date, f  8,698,780  40 

GENERAL  — BOTH  SYSTEMS. 

The  year  passed  witnessed  a  catastrophe  which  at  first 
appeared  likely  to  cripple  the  work  of  the  Board.  The 
records  of  Friday,  March  10,  1893,  read  as  follows  and  tell 
the  story  concisely:  **  About  4.30  o'clock  this  p.m.,  fire 
broke  out  in  the  Ames  Building,  93  Lincoln  Street,  and 
before  it  could  be  controlled  consumed  said  building  with 
others  in  that  neighborhood.  Beyond  the  contents  of  the 
safes  in  the  offices,  the  property  belonging  to  the  Common- 
wealth was  destroyed.  The  lives  of  none  of  the  employees 
of  the  Board  were  lost  in  the  fire,  all  escaping." 


EEPORT  OF  THE  CfflEF  ENGINEER. 


24  METROPOLITAN   SEWERAGE.     [Jan. '94. 

When  the  safes  were  opened  the  books,  papers  and  docu- 
ments therein  were  found  to  be  water-soakedj  but  most  of 
them  were,  when  dried,  legible  and  were  made  presentable 
by  re-binding.  An  invoice  book  and  letter  book  which  were 
in  use  at  the  time  of  the  fire  were  destroyed.  Two  state- 
ment books,  classifying  expenditures,  the  one  by  localities 
and  the  other  by  the  month,  and  a  journal  and  ledger, 
were  so  much  damaged  that  they  could  no  longer  be  used. 
The  Board  then  immediately  proceeded  to  look  for  new 
quarters  and  engaged  rooms  in  the  Walker  Building,  110 
Boylston  Street,  for  one  year,  with  the  privilege  of  termi- 
nating the  lease  August  31,  by  thirty  days'  notice,  or  upon 
the  last  day  of  any  month  subsequent.  The  annual  rental 
is  $3,050,  payable  in  equal  instalments  upon  the  first  day  of 
each  month. 

The  annual  meeting  of  the  Board  was  held,  as  provided 
by  the  act,  on  the  first  Monday  of  February  (February  6), 
1893,  and  Hosea  Kingman  of  Bridgewater,  who  had  been  re- 
appointed bj*^  the  Governor  and  confirmed  by  the  Council, 
was  chosen  chairman,  and  Edward  P.  Fisk  of  Boston,  clerk. 

The  Appendix  contains  tables  showing  in  detail  the  re- 
ceipts and  expenditures  for  the  year ;  also  the  assets  and 
liabilities  at  date. 

HOSEA   KINGMAN, 
TILLY  HAYNfiS, 
HARVEY  N.  COLLISON, 

Jdetr^olitan  Sewerage  Commissioners, 
Boston,  Oct.  1,  1893. 
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REPORT  OF  THE  CHIEF  ENGINEER. 


Boston,  Sept.  80,  1893. 

HosEA  Kingman,  Tilly  Hatnes,  Harvey  N.  Collison,  Metropolitan 

Sewerage  Comynissioners, 

Gentlemen  :  —  The  work  of  construction  on  the  North  Metro- 
politan Sewerage  System  began  in  May,  1890,  three  and  one-third 
years  ago.  Since  that  time  the  work  has  been  continuously  pros- 
ecuted, even  the  winter  months  showing  some  progress.  Work  on 
the  Charles  River  Valley  System,  for  the  towns  of  Waltham,  Water- 
town,  Newton,  Brighton,  Brookline  and  part  of  Boston  proper,  was 
begun  in  June,  1890.  The  system  was  completed  in  the  winter  of 
1891-92,  and  has  been  in  operation  ever  since.  Detailed  accounts 
of  the  work  on  both  systems  up  to  one  year  ago  have  been  given 
in  the  preceding  annual  reports.  The  parts  completed  at  this  date 
(September  30) ,  the  parts  in  process  of  construction  and  the  parts 
yet  to  be  entered  upon  can  be  most  readily  seen  by  an  examination 
of  the  annexed  map.  The  portions  remaining  to  be  done  and  on 
which  work  is  now  in  progress  (indicated  by  dotted  red  lines  on 
the  map),  are:  About  one  thousand  four  hundred  linear  feet  of 
outlet  south  of  Deer  Island,  gaps  on  the  siphons  (Shirley  Gut, 
Belle  Isle  Inlet  and  Charlestown)  and  on  the  sand-catcher  at  Chelsea 
Creek,  with  parts  of  contract  sewer  sections  22,  27,  28,  29,  30,  37, 
41,  43,  44,  44 J,  45  and  46  ;  and  the  three  pumping  stations  (one 
each  at  Deer  Island,  East  Boston  and  Charlestown),  the  plant  for 
which  has  been  contracted  for  and  the  foundations  for  which  will 
soon  be  begun.  The  following  work  has  not  been  entered  upon 
(indicated  by  the  yellow  lines  on  the  map)  :  Sections  11,  31,  32, 
35,  38,  39  and  47,  and  gap  on  43J,  which  are  wholly  on  branches, 
and  the  siphon  at  Maiden  River. 

ASSISTANT  engineers,    CLERKS,    ETC. 

I  subjoin  a  list  of  the  names,  and  principal  duties  rendered,  of 
most  of  those  who  have  assisted  me  during  the  past  year.  The 
number  is  greater  than  in  any  preceding  year.  This  is  partly  on 
account  of  more  extended  construction  work,  and  partly  on  account 
of  the  fire  of  March  10,  which,  as  stated  elsewhere,  destroyed 
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many  of  our  plans,  instruments,  models  and  sketches.  In  a  short 
time  the  progress  of  the  work  towards  completion  will  render 
unnecessary  the  further  services  of  a  considerable  number  of  these 
gentlemen.  I  desire  to  here  express,  both  to  those  who  are  soon 
to  go  and  to  those  who  are  to  remain  for  a  longer  time,  my  high 
appreciation  of  their  valuable  services. 

Office  Assistants, 

Charles  H.  Swan,  Assistant  Engineer:  Studies  of  grades,  elevations 
and  sizes  of  sewers,  positions  of  branches,  designs  for  structures,  etc 

Sidney  Smith,  AssistatU  Engineer:  Plotting  of  the  Charles  River  Record 
Plans.     Surveys  for  Sections  31,  32,  35,  43,  43J. 

WiNSLOW  Blanch ARD,  Assistant  Engineer:  Studies  regarding  pump- 
ing engines,  Shirley  Gut  siphon  and  smaller  structures. 

Alfred  N.  Wahlbehg,  Draughtsman:  Laying  out  and  plotting  con- 
tract plans  on  various  sections,  including  studies  for  connections, 
etc. ;  making  land-taking  plans. 

William  W.  Lewis,  Assistant  Engineer:  Studies  and  draughting  on 
pumping  engines,  Shirley  Gut  and  Maiden  River  siphons  and  out- 
fall sewer. 

Paul  S.  Yendell,  Draughtsman:  Plotting  contract  and  land-taking 
plans,  special  structures,  etc. 

Frank  M.  Svl^bmaia^  Assistant  Engineer :  Makingand  plotting  Surveys 
in  East  Boston  and  Winchester. 

Henrt  Cleary,  Draughtsman :  Plotting,  making  and  lettering  contract 
and  record  plans. 

Frank  J.  Nowell,  Draughtsman  and  Photographer:  Making  plans, 
photographing,  etc. 

Alfred  F.  Bridoman,  Assistant  Engineer:  In  charge  of  office  records; 
purchasing  supplies  and  making  miscellaneous  calculations  regard- 
ing the  work. 

Arthur  B.  Carter,  Clerk  and  Stenographer:  Stenographic  work; 
classification  of  land  and  other  claims  and  collecting  datafor  reports. 

William  Gray,  Clerk:  Examining  and  checking  estimates,  bills  and 
pay-rolls. 

Burton  W  Torrey,  Clerk, 

Alfred  W.  Trefry,  Indexing  and  caring  for  plans. 

Frank  T.  Daniels,  Temporary  Draughtsman:  Work  at  Deer  Island. 

Alfred  Stebbins,  Jr.,  Temporary  DrauglUsman :  Plans  and  tracings, 
Shirley  Gut  siphon. 

Frank  A.  Emery,  Temporary  Draughtsman  and  Transitman:  Making 
and  plotting  surveys,  Charlestown. 

David  H.  Winslow,  Tetnporary  Draughtsman:  Copying  land-taking 
plans  at  registry  of  deeds  to  replace  those  lost  by  fire. 

Ambrose  H.  White,  Temporary  Assistant:  Surveys  in  Charlestown. 

John  H.  Gregory,  Temporary  Assistant :  Plotting  surveys  in  Charles- 
town. 

Nelson  A.  Hallett,  in  charge  of  testing  cement. 

George  J.  Reichenbagher,  testing  cement. 
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Field  Assistants, 

Assistant  Engineers  in  general  charge  of  field  engineering  as  stated : 
William  M.  BftowN,  Jr. :    Sewer  sections,  except  the  outlet  and 
those  in  close  connection  with  siphons  and  pumping  stations  men- 
tioned below. 
Laurence  Bradfobd:    Outlet  sewer  at  Deer  Island,  siphon  and 
sewer  connections  at  Shirley  Gut,  pumping  station  foundations  at 
Deer  Island. 
H.  H.  Marden,  Jr. :    Siphon  and  sand-catcher,  Belle  Isle  Inlet, 
and  the  sewers  connected  therewith ;  sand-catcher  and  siphon  at 
Chelsea  Creek  and  connecting  sewers ;  day  work  on  section  12 ; 
Charlestown  siphon  under  Mystic  River ;  foundations  of  pumping 
station  at  East  Boston. 

Assistant  Engineer  Fred  V.  Fuller  (until  bis  resignation  early 
in  March  to  accept  another  position)  bad  general  cbarge  of  giving 
lines  and  grades  and  making  estimates  and  record  plans  on  sewer 
BectioDB  12  (contract  work),  14,  16,  17,  23,  40  and  43. 

The  other  assistants  employed  in  the  field  are  mentioned  in  the 
detailed  account  of  the  sections  which  follows  and  which  is  in  the 
main  condensed  from  reports  received  from  the  assistant  engineers 
on  the  work. 

Detailed  Account  of  the  Sections. 

Ground  water  from  underdrains  has  been  usually  controlled  by 
drainage  pumps  operated  at  rectangular  wells  from  six  to  eight 
feet  square  at  the  surface,  located  against  the  sheeting  at  one  side 
of  the  sewer  trench.  The  sewer  has  been  heavily  reinforced  with 
concrete  in  the  vicinity  of  such  wells. 

To  prevent  the  movement  of  ground  waters  along  the  sewer, 
cut-off  walls  have  been  built  at  intervals  of  about  one  thou- 
sand feet.  In  the  smaller  trenches  these  have  been  about  two  feet 
thick,  and  in  the  deeper  and  wider  trenches  from  three  to  four 
feet  in  thickness,  usually  of  Rosendale  and  sometimes  of  Portland 
concrete.  They  have  entirely  surrounded  the  sewer  and  extended 
from  one  foot  below  the  underdrain,  which  they  cut  off,  to  the 
ordinary  height  of  the  ground  water,  say  from  three  to  six  feet 
below  the  surface,  and  in  width  to  from  one  to  two  feet  outside 
the  lines  of  the  trench.  To  insure  contact  between  the  earth  and 
concrete,  all  timber  from  the  trench  has  been  taken  out  about  the 
cut-offs. 

The  diameters  of  the  sewers  hereinafter  given  are  those  named 
in  the  contracts.  In  actual  construction  they  have  frequently  been 
slightly  enlarged  for  various  reasons. 

The  cost  data  in  each  instance  is  the  cost  to  the  Commonwealth. 


Skctiom  1   (Day  Work),  Outlet  Deeb  Island. 
£iic<i(iDR.  — From  &  point  about  60  ttet  Inildeor  hifih  witerline,  on  Ihi  sontli-irtit- 
erly  sboni  or  ibe  iBland,  following  tb«  westBrl^  aide  of  Deer  blind 
Spit  to  *  point  about  opposite  the  DMr  laland  Spit  llgbt. 

Length  of  Mcilon,  about 1,050  feet. 

Dlamslen  ot  lOwtr  6  feci  2  Incluw. 


Supeiinteiidenl :  Cbarlee  0.  Cistb. 

Foreman  ;  B.  L.  Syktt. 

Transltmen:  Principal  —  Frank  B.  Wlnsor. 

AislatanU  — Nattaan  B.  Wilber,  Oeorge  A.  Wlnior,  Daniel  J.  SalUtu. 

Length  completed 52S.0D  hat. 

Average  depth  ofexcaTatlon  to  bottom  oronderdrain,  .       .  14.00   " 

OrealeiL  depib  of  excavation  to  bottom  of  underdrain,      .       .       .  SO.OO    " 

ATerage  wldlb  top  of  trench, 11.97   " 

Average  irldib  butlom  oftrench 10X10    " 

Cable  ;ard*  excavation  per  linear  foot,  S.60. 

Approximate  coal  of  trench  to  dale  per  lioesr  fbot,  Indndlng  coSkr- 

dam,  ebeeting  left  In,  eicaTatlon  and  reSilIng  below  masonrj, 

backfilling,  etc.,  tlf.OO. 
Charadtr  of  Earth  Bnsnt/ian.  —  Sand  and  grarel,  with  a  little  cla^  in  now 
placea  at  the  bottom . 

Dlametere  of  anderdraln  laid  and  length  of  each  ilie ;  — 

81x-iDch ,   .       .       .       .        10  Aeb 

Eight-incb IS   " 

Fineen-lncb 800   " 

Approximate  coat  of  masoDtf  to  dale  per  linear  toot  of  trench,  Inclndlng 
nnderdraln,  et«.,  |20.00. 

Length  ctonpleted 4fl0   " 

Hasonr;  begun,  June  28, 1893,  and  la  now  (September  30)  In  progreai. 

Approximate  cost  of  seciion  to  date  per  linear  foot  of  excavBtion  and  maaonry, 
including  labor,  malerial  and  Inapectlon,  cotrer.dam,and  miacellaneoni  Iteme,  t70JX> 

Cqffer-Dam.  —  The  surface  of  the  grouod  for  tUe  first  hundred  feet 
of  the  aewer  for  this  section  is  above  high  water.  The  remainder 
of  the  Bnrface  is  from  five  to  ten  feet  below  high  water,  which  has 
necessitated  building  a  coffer-dam  at  the  sides  and  outer  end  of  the 
trench  as  the  woik  progressed.  The  cross-section  of  the  trench  is 
shown  in  an  adjacent  cut. 

The  excavated  trench  material  of  sand  and  gravel  has  been  used 
for  filling  iu  the  cofFer-dam,  bat  as  there  has  not  been  enough  of 
this,  and  for  the  further  reason  that  it  is  too  porons  to  be  used 
alone,  a  quantity  of  suitable  material  has  been  brought  from  the 
§ite  of  the  pumping  station.  The  roand  pile  bents  are  six  feet 
apart  on  centres  and  are  capped  across  the  trench,  the  top  of  the 
bents  being  at  elevation   114.7.     The  last  hundred  feet  of  piling 
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has  been  spar-shored.  For  a  distance  of  about  three  hundred  and 
thirty-six  feet  beyond  high-water  line  two-inch  sheeting  was  used, 
and  four-inch  the  rest  of  the  way. 

ExcavcUion.  —  Work  was  begun  about  the  middle  of  June,  1893, 
at  the  shore  end  of  the  section.  The  method  of  operation  is  by  a 
travelling  derrick,  with  buckets  for  excavating  from  the  trench 
into  dump  cars.  The  dump  cars  are  emptied  at  the  coffer-dam  at 
the  sides  and  end  of  the  trench.  The  trench  has  now  been  exca- 
vated to  grade  for  a  distance  of  five  hundred  and  forty  feet.  The 
ordinary  progress  per  week  has  been  about  thirty-three  feet.  A 
nine-inch  centrifugal  pump  was  put  in  near  the  brick  sewer  built 
at  the  beginning  of  Section  2,  soon  after  the  work  of  excavation 
was  begun,  and  was  operated  continuously.  On  August  6  a  six- 
inch  centrifugal  pump  was  put  in  about  two  hundred  and  eighty 
feet  beyond  this  first  one,  and  on  September  15  a  second  one  of 
these  latter  pumps  was  put  in  the  same  well.  The  water  handled 
has  been  the  leakage  from  the  sea,  varying  with  the  tides.  The 
greatest  amount  pumped  per  twenty-four  hours  has  been  about 
1,100,000  gallons.'  A  pump  well  and  platform  has  been  started 
about  five  hundred  feet  beyond  the  high-water  line. 

Foundation.  — The  concrete  surrounding  the  brick  masonry  rests 
6n  the  mixed  gravel  and  sand  found  in  the  bottom  of  the  trench 
above  an  under  stratum  of  clay. 

MiaceUaneoua.  —  The  arch  of  the  sewer  consists  of  eight-inch 
brick-work  covered  by  concrete  up  to  the  level  of  the  bed  of  the 
sea.  Boulders  of  the  size  of  paving  stones  and  larger  are  imbed- 
ded in  the  upper  surface  of  the  concrete. 

Section  Sj-  (Day  Work),  Siphon  Shirlet  Gut. 

L4)eation.^  From  the  end  of  the  sewer  already  bnllt  (end  of  Section  3) ,  on  the  nortberlj 
end  of  Deer  Island,  underneath  Shirley  Out  to  the  sewer  already  bnllt 
(beginning  of  Section  4)  on  the  southerly  end  of  Point  Shirley,  Wintbrop. 

Length  of  section,  about 430  feet. 

Character  of  stroctnres :  — 
9  foot  brick  sewer  on  Deer  Island  side  and  gate-cbamber,  length,    .     84    " 
Four  sections  pipe  (|  inch  rireted  tank  steel  shell,  lining  of  three 
rings  brick-work ;  inside  diameter  of  shell,  8  feet  5  inches ;  inside 
diameter  of  brick-work,  6  feet  2  inches) :  — 

One  oorved  middle  section  (75  feet  radios),  length  of  arc,       •     61    *' 
Two  curyed  side  sections  (165  feet  radius),  length  of  arc,  each,     68    " 

One  straight  end  section,  length, 48    *< 

Two  man-holes  (straight  lengths  at  either  end  with  a  man-bole 
going  aboTe  high  water,  to  be  cut  down  and  stopped  on  completion 

of  work),  length,  each, 12    " 

Sand-catcber  (abont  16  feet  by  16  feet)  and  branch,  lengtbt  about  .     64  .  '* 
Six  feet  two  inches  circular  brick  sewer,  length,  about  •       •     27    " 


Statt  AiniUuUt. 
Fonnun ;  Cb«rlM  O.  Cralb. 
Englnearlng  Clerk :  Frederick  D.  Bnltb. 
TrmDiitmen :  Principal  —  Frank  E.  Wlnsor. 

"  AMiiunu— Nkthan  B.  'miber,  Oeorge  A.  WIqiot,  Beajunln  P. 

SnlliTtn. 
lupector  of  DradglDg:  Daniel  J.  SdIIWu. 

Prineipal  /WnuAari  0/  Mattrial  or  Labor. 
PiladrlTlng:  Joelab  Sbaw. 
Pipe  Shell;  Jamei  Rauell  Boiler  Worka  Co. 

Fnttlng  lined  pipe  on  rolli  and  moring  to  low-water  mark :  John  Cavanaitb  &  3od. 
Dredgtog  trench:  Ferklni  &  White. 
Dtring  (making  jolnti,  Inipectlng  bottom,  etc) :  Hiram  W.  PbDUpe,  lohn  Stone, 

W.  D.  Dnncan. 

BulkhMd. 
Length  completed :  — 

Ciibwork  and  embankoieat, 2IS.00  (Ml. 

Pllebnikhead 23»J»   " 

Maximum  height,  «bont 27.(>0   " 

Elevation  of  lop  or  capping, 112.70   " 

Approximate  coat  of  length  completed,  Including  material,  labor,  etc  i— 

Cribwork  and  emiMnknieDt, (I^  W 

Pllebnikhead 0,231  00 

Work  begnn,  Hay  2S,  1893;  flnlihed,  taXj  19, 18S8. 

Dredged  Trench. 
Location.  —  SUty-fiie  ftet  weiterlf  fh>m  bulkhead  and  pArallel  to  It,  aeroas  the  Onti 

Length  completed 364.00  feet. 

Length  partly  dog  and  wblcb  reflUed  during  two  Btonn*  tatter  part 

of  Aagoit iS-AO    " 

Average  depth  of  completed  tnnch,  natnrsl  bed  of  Ont  to  bottom 

ofexcaTallon, 14.0D   " 

Orealest  depth  at  completed  tnncb,  nataral  bed  of  Qnt  to  bottom 

ofeicavatlon 20.00   " 

Average  width  top  of  completed  trench, 60X10   " 

Average  width  bottom  of  completed  trench 10.00   " 

Depth  of  bottom  of  completed  trench  below  mean  high  water:  — 

Deer  laland  end 18.00   " 

Centre, 37.00    " 

Point  Shirley  end 17.00    " 

Total  approximate  coat  at  dredged  trench  to  date,  94,004. 
Dredging  tor  trench  proper  began  Jnly  17,  ISOSj  flnltbed  Ang.  U,  18B3, 
Character  of  Earth  SzcacaTton.  — Sand,  gravel  and  bonlder*. 


Length  laid  (dlatance  between  point*  on  Borfhce) 340  (eek 

Weight  of  pipe  iBCIlooa  In  air:  — 

Central  pipe, 220,000  Iba. 

Caned  pipe,  Point  Shirley  tide 300,000   " 

Carved  pipe,  Deer  laland  aide, 300,000   " 

Straight  pipe,  Deer  laiuid  aide 170,000   " 

Approximate  coat  to  daw  of  pipe  laid,  Inclndlng  lining  with  maaoniT, 

material,  labor,  moving  to  low  water,  ahiklng,  connecting,  etc,       .  931,110  00 
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Bates  of  laanchlng,  floating  oat  into  position  and  setting :  — 

Central  pipe, September  14. 

Carved  pipe,  Point  Shirley  tide, «*         28. 

Carved  pipe,  Deer  Island  side, <*         26. 

Straight  pipe,  Deer  Island  side, *'         27. 

Approximate  cost  of  whole  section  to  date  (September  30),  indnding  balk- 
head,  dredging,  pipe  and  miscellaneous  items, $33,000  0(^ 

Shirley  Gat  is  a  narrow  atralt  separating  Deer  Island  from  Win- 
throp.  At  the  point  selected  for  the  sewer  it  is  315  feet  wide  at 
mean  high  water,  and  at  low  water  has  a  width  of  105  feet.  The 
very  swift  tidal  current  at  this  point  practically  never  ceases. 
The  depth  of  water  at  mean  high  tide  in  the  middle  of  the  Gut  is 
about  twenty-five  feet.  It  was  necessary  that  the  sewer  passing 
ander  the  Gut  (connecting  the  sewer  already  laid  on  the  Deer 
Island  side  with  that  on  the  Winthrop  side)  should  be  in  the  shape 
of  a  depressed  loop  or  siphon  having  its  axis  in  the  middle  of  the 
channel  way  about  twenty-two  feet  lower  than  the  axis  of  the 
sewer  on  the  Winthrop  side.  This  was  necessary  to  secure  safe 
construction,  and  in  order  also  not  to  impair  navigation,  and  it 
involved  digging  a  trench  from  twelve  to  twenty  feet  below  the 
bed  of  the  Gut.  On  account  of  the  uncertainties  and  risks 
involved  it  was  concluded  that  the  work  be  done  directly  under 
the  supervision  of  the  engineering  department,  instead  of  con- 
tracting for  it  as  a  whole.  It  was  decided  to  lay  a  single  line  of 
sewer,  such  as  described  in  the  tabular  statement  above.  The  use 
of  the  steel  shell  was  simply  for  strength  and  tightness  in  the 
process  of  laying.  It  is  not  necessary  for  the  steel  shell  to  prove 
permanent. 

A  branch  is  provided  on  each  side,  so  that  if  experience  in  the 
actual  maintenance  and  operation  shows  it  to  be  desirable  an  addi- 
tional line  can  be  laid  across  in  the  future  when  found  to  be 
necessary. 

The  first  step  in  the  work  was  to  build  the  above-mentioned 
bulkhead  to  stop  the  tidal  current.  This  permitted  a  dredge  to 
operate  in  still  water  to  excavate  the  necessary  trench,  and  pro- 
tected the  trench  long  enough  for  the  operation  of  laying  the  pipe. 
The  steel  pipes,  in  sections  of  48  to  68  feet,  as  noted  in  the  table 
already  given,  were  placed  near  high-water  mark  on  the  Winthrop 
shore.  They  were  lined  with  brick,  and  bulkheads  were  con- 
structed at  the  end  of  each  section.  These  bulkheads  were  eight 
inches  thick,  of  hard  pine  timber,  and  were  caulked  by  ship  caulk- 
ers, and  as  a  further  precaution  they  were  covered  with  sheets  of 
robber,  which  were  cemented  to  the  steel  outer  shells  of  the  sec- 
tions. The  bulkheads  were  strongly  secured  to  the  masonry  of 
the  pipes.     To  test  the  tightness  of  these  pipes  an  attempt  was 


steam  ejectors.  It  nas  at  first  Fouod  that  the  partial  vacuum,  aa 
iudicated  by  the  vacuum  gauge,  was  only  about  one  inch  of  mer- 
cury. The  rubber  sheets  were  then  taken  from  the  ends  of  the 
pipe  and  the  ends  covered  with  Portland  cemeot  mortar.  Tbis 
mortar,  after  it  was  set,  was  painted  with  asphalt,  aod  various 
joints  of  the  steel  shell  were  examiued  and  leaks  found  aod 
stopped  aod  the  sections  made  practically  tight.  On  the  afternoon 
«bb  tide  of  September  13  and  the  morning  ebb  tide  of  September 
'14  the  middle  aectiou  was  moved  on  rollers  to  low-wat«r  mark  by 
building  movers.  Id  the  meantime,  the  dredging  scow,  33  feet 
8  inches  wide,  79  feet  long,  6  feet  6  inches  deep,  had  been  fitted 
with  two  overhaoging  trestles  or  sheers,  with  specially  made  blocks 
and  tackle  for  hoisting,  holding  and  lowering  the  pipe.  These 
sheers  were  placed  on  the  side  of  the  dredge  about  35  feet  8  inches 
apart,  and  so  arranged  that  they  could  be  later  moved  to  other 
appropriate  distances  for  handling  the  other  sections.  About 
12  :  30  P.  H.  on  September  14,  the  tide  then  lacking  about  one  hour 
from  high  water,  the  dredge  was  anchored  to  the  southward  and 
the  hoisting  tackle  was  attached  to  two  steel  rope  straps  which  were 
wound  around  the  sections  (in  grooves  in  wooden  lagging),  about 
fonrteen  feet  from  each  end.  The  four  drums  of  the  two  hoisting 
engines  were  then  slowly  set  winding.  In  this  manner  the  pipe 
was  lifted  and  pulled  from  the  twelve-inch  square  timbers  and 
eighty  six-inch  diameter  bard-wood  rollers  on  which  it  rested. 
They  immediately  rose  to  the  surface,  covering  the  vicinity 
with  floating  wood.  Tbe  dredge  and  the  pipe  were  then  pulled 
out  to  deeper  water,  and  the  pipe  lowered  a  few  inches.  It  was 
found  that  the  weight  of  the  pipes  in  salt  water  was  just  about 
that  calculated,  and  the  pipes  when  lowered  sank  nearly,  but  not 
quite,  to  submersion.  The  scow  and  pipe  were  then  moved  so 
that  the  latter  was  nearly  over  the  position  which  it  was  finally  to 
occupy.  As  will  be  seen  by  tbe  adjacent  drawing,  the  pipe  was 
bow-shaped.  When  moved  from  the  shore  to  near  its  final  posi- 
tion its  symmetrical  plane  was  horizontal.  This  plane  had  now 
to  be  revolved  ninety  degrees,  so  that  it  would  become  vertical 
with  the  concave  lines  of  the  pipe  uppermost.  This  was  done  by 
hoisting  on  two  ends  of  the  straps  and  lowering  on  tbe  other  two 
ends.  After  letting  some  water  into  the  pipe  through  a  small  gate 
provided  for  that  purpose,  and  increasing  its  weight  with  a  few 
sand  bags,  it  was  lowered  to  its  final  position,  and  rested  on  two 
cross-sills  which  bad  previously  been  accurately  set  in  the  bottom. 
Its  true  position  in  plan  as  it  was  lowered  was  determined  hy 
vertical  wires   which  were  stretched  from   points  on  the  middle 
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plane  of  the  pipe  to  palleys  on  the  hoisting  rig.  Its  descent  to 
its  true  position  in  plan  was  facilitated  and  partly  brought  about 
by  two  ropes,  one  at  each  end  of  the  pipe.  These  ropes,  pass- 
ing under  pulleys  in  the  bottom  of  the  Gut  (in  the  exact  central 
line  of  the  sewer),  ascended  to  the  top,  were  led  to  the  scow,  and 
were  kept  in  tension  by  six  or  eight  men  to  each  rope.  The 
pipes  had  exterior  flanges  at  their  joints,  with  forty  holes  at  each 
joint  large  enough  for 'one-inch  diameter  bolts.  Between  these 
flanges  were  placed  rubber  gaskets  three-quarters  of  an  inch  in 
thickness  and  three  and  one-half  inches  wide.  The  pipes  were 
bolted  together  by  divers.  Concentric  attachments  called  fingers 
were  placed  on  the  lower  parts  of  each  end  of  the  pipes  so  that 
the  adjoining  end  of  the  next  pipe  laid  would  of  necessity  occupy 
very  nearly  its  true  position  as  to  line  and  grade.  Many  other 
details  were  provided  to  compel  each  pipe,  though  out  of  sight,  to 
go  precisely  to  its  proper  place  and  to  give  evidence  above  the 
surface  that  this  was  being  accomplished.  All  these  devices 
resulted  in  reducing  the  work  under  water  to  the  lowest  prac- 
ticable terms.  Each  flanged  joint  was  finally  surrounded  by  a 
small  box,  and  this  box  was  filled  with  Portland  cement  grout. 
Later  these  joints  were  covered  over  with  clay  brought  in  scows. 
Work  remains  to  be  done  (September  30),  in  connection  with  the 
pipes,  as  follows :  Refilling  trench,  removing  Shirley  Gut  bulkhead, 
placing  temporary  manholes,  taking  out  pipe  bulkheads,  and  mak- 
ing masonry  lining  continuous.  The  depth  of  the  backfilling  will 
nowhere  be  less  than  three  feet,  and  will  generally  be  from  five  to 
six  feet. 

The  various  assistants  and  foremen  connected  with  the  Shirley 
Gut  siphon  undertaking  took  great  interest  in  thinking  out  and 
discussing  with  the  writer  the  necessary  details,  and  the  success 
achieved  was  largely  due  to  their  intelligent  work.  The  latter 
statement  is  applicable  to  the  work  on  other  portions  of  the  Metro- 
politan system. 

Section  7,  Winthrop  and  East  Boston. 

Location,  —  From  a  point  alMot  300  feet  westerly  from  Pleasant  Street  Station,  on 
the  Boston,  Winthrop  and  Shore  Railroad,  across  Belle  Isle  Inlet  and 
Marsh  Island  to  a  point  on  the  marsh  in  Bast  Boston  aboot  100  feet 
easterly  from  Riverside  Avenoe. 

Length  of  section 848  fset. 

Diameters  of  sewers  and  length  of  each  sise :  — 
Main  sewer,  horse-shoe  shape,  8  feet  6  inches  by  9  feet  2  inches,        516    <* 
Sand  catcher,  horse-shoe  shape,  16  feet  by  16  feet  5  inches,  .       .  84    *« 

Siphon  (three  parallel  lines  sewer,  each  6  feet  diameter),  and 
approaches  (pipe  chamber,  redooer  chamber),  etc.    .       .       .        248    ** 
ContractoTB,  —  TrumboU  &  Ryan  of  Boston,  Mass. 

Coniraetora*  SuperintonderU  and  Principal  Foreman  (  Tear  ending  Sept.  30, 1693), 
Charles  E.  Trnmbull. 
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state  A$n»tant$  (Ttar  ending  Sept.  30, 1893), 

iDspeetor :  R.  H.  Somner. 

TraoBitmen :  PrtnciiMils  —  E.  Elbert  Yoang,  Charles  L.  Weeks. 

Assistants  —  Wm.  H.  Boardman,  Jr. ;  Charles  KiDcaid. 


u 


Trench. 


Main 
Sewer. 


Sand  Catcher 

and  Siphon 

Approaches. 


Siphon. 


Length  eompleted,  feet, 

Average  depth  of  excavation  to  bottom  of  trench,  feet,* 
Oreatest  depth  of  excavation  to  bottom  of  trench,  feet,* 

Average  width  top  of  trench,  feet, 

Average  width  bottom  of  trench,  feet,   .... 
Volume  of  excavation  per  linear  foot,  cubic  yards, 


610.00 

0.48 

14.00 

17.20 

17.06 

4.00 


lao.oo 

12.38 
15.00 
80.30 
81.10 
15.92 


78.00 
18.60 
14.00 
22.67 
20.88 
10.06 


*  The  depths  given  in  the  above  table  are  measured  from  the  bottom  of  Belle  Isle  Inlet. 
The  bottom  of  the  trench  at  its  greatest  depth  Is  about  nineteen  feet  below  low  water. 

Approximate  cost  of  trench  to  date  (September  30)  per  linear  foot,  including  cofler- 
dam,  sheeting  left  in,  excavation  and  refilling  below  masonry,  backfilling,  etc, 
may  be  distribated  as  follows :  — 

Main  sewer $30  00 

Sand  catcher, 49  00 

Drop  to  siphon, 80  00 

Siphon 78  00 

Char<icter  of  Trench  BxcaveUion.'^ Sewer  proper:  river  mud,  fibrous  peat  and 
soft  clay.  Siphon :  sand  so  fine  that  92  per  cent,  went  through  a  sieve  having  2,500 
meshes  to  the  square  inch,  and  4  per  cent,  went  through  a  sieve  having  22,500 
meshes  to  the  square  inch. 


Mcuonry, 

Contract  price :  — 
Brick -work,  per  cubic  yard  (brick  and  cement  fhmished  by  the  Board),      %6  00 
Concrete,  per  cubic  yard  (gravel  and  cement  furnished  by  the  Board) ,    .        2  50 
Squared-stone,  per  cubic  yard  (stone  and  cement  furnished  by  the  Board),      3  60 

Diameters  of  underdrain  laid,  and  length  of  each  size :  — 

6-inch  (in  some  places  two  lines) 467  feet 

10-incb, 233    » 

Approximate  cost  of  masonry  to  date  (September  30)  per  linear  foot  may  be  dis 
tributed  as  follows :  — 

Main  sewer, $22  00 

Sand  catcher  and  overflow, 77  00 

Siphon 34  00 

Drop  to  Siphon  and  Gate-chamber, 160  00 

Lengths  of  masonry  completed :  — 

Main  sewer, 372  fiMt. 

Sand  catcher  and  drop  to  siphon, 130    " 

Siphon, 74    " 

Masonry  was  begun,  J^ly  28, 1892 ;  and  is  now  (September  30)  in  progress. 
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Approximate  cost  of  eectlon  to  date  (September  30)  per  linear  foot  of  trench  and 
masonry,  including  labor;  nnderdrain,  foundation  piles,  lumber  and  other 
inspection,  and  material ;  miscellaneous  items,  may  be  distributed  as  follows :  — 

Main  sewer, $58  00 

Sand  catcher IM  00 

Siphon, 130  00 

Drop  to  Siphon  and  Gate-chamber, 270  00 

NoTB.  —  The  information  regarding  Section  7  following  this  note,  relates  solely 
to  the  year  ending  Sept.  30, 1893.  For  a  description  of  the  work  performed  prior  to 
this  year,  see  the  fourth  annual  report. 

Excavation^  Foundationj  etc.  —  The  plant  for  the  work  has  ooq- 
sisted  of  two  steam  derricks,  one  hand  derrick,  one  hand  pile-driver, 
one  floating  pile-driver,  two  six-inch  and  two  four-inch  centrifugal 
pumps,  six  hundred  feet  of  track,  six  cars  of  two  cubic  yards 
capacity  each.  The  derricks  have  been  used  for  excavation  and 
for  laying  stone  masonry.  Operations  have  been  carried  on  from 
each  side  of  the  inlet,  continuing  from  last  year's  work.  On  the 
west  side,  excavation  has  been  for  a  gate-chamber  and  incline  to 
siphon,  and  seventy-three  feet  of  siphon  trench,  a  total  length  of 
about  one  hundred  and  seventeen  feet.  The  average  progress  per 
week  on  the  siphon  trench  was  about  three  feet.  One  hundred  and 
twenty  feet  of  trench  has  been  dug  on  the  Winthrop  side  since 
August  7,  the  progress  averaging  about  twenty-three  feet  per  week. 
Pumping  has  been  done  directly  from  the  portion  of  the  trench 
where  work  has  been  going  on  by  means  of  two  six-inch  centrifugal 
pumps  and  one  of  four-inch.  During  the  time  of  the  greatest 
pumping  activity  it  is  estimated  that  water  was  pumped  from  the 
siphon  trench  at  the  rate  per  twenty-four  hours  as  follows  :  High 
tide,  2,160,000  gallons ;  low  tide,  720,000  gallons.  The  maximum 
amount  of  water  pumped  in  twenty-four  hours  from  the  main  sewer 
trench  was  about  120,000  gallons.  From  Jan.  19  to  March  19, 
1893,  work  was  shut  down  on  account  of  the  exposed  location  and 
severe  weather.  The  material  in  the  bottom  while  not  exactly 
quicksand,  still  presented  many  of  the  same  difficulties  in  the 
handling.  The  coffer-dam  put  in  by  the  contractor  consisted  of 
four  lines  of  sheet  piling  secured  and  guided  by  waling  pieces  fast- 
ened to  round  piles.  These  round  piles  were  driven  by  the  float- 
ing pile-driver.  A  photograph  showing  the  general  arrangement 
of  the  cofiPer-dam  was  given  in  the  report  of  last  year.  Sheeting 
was  driven  across  the  trench  at  intervals  of  about  forty  feet,  and 
excavation  was  done  in  the  shafts  thus  formed.  The  fineness  of 
the  sand  forming  the  bed  of  the  inlet  was  such  that  it  gave  great 
resistance  to  penetration  by  sheet  piling.  After  the  plank  had 
been  driven  about  five  feet  into  the  sand,  the  blow  from  a  hammer, 
2,200 'pounds  weight,  failing  twenty  feet,  would  cause  a  penetration 
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of  one-quarter  of  an  inch.  Planks  taken  from  the  cross  bnlkhead 
were  frequently  broomed  for  four  feet  of  their  lower  lengths. 
Planks  were  also  found  sound  at  the  bottom  and  top  but  broomed 
and  offset  in  the  middle,  or  distorted  in  other  ways.  Apparently 
the  sand  packed  so  tight  around  the  bottom  of  the  plank  that  the 
resistance  to  penetration  became  greater  than  the  strength  of  the 
timber.  The  effect  of  the  hard  driving  was  seen  as  trench  exca- 
vation progressed.  Some  planks  projected  into  the  trench  and 
some  out.  The  grooves  were  opened  in  a  majority  of  cases.  At 
high  tide  sand  and  water  came  in  through  these  cracks  freely. 
The  method  of  overcoming  the  trouble  was  to  nail  boards  over  the 
cracks  as  rapidly  as  possible.  From  October  13  to  September  18 
there  were  twenty-one  occasions  when  this  inflow  was  not  stopped 
before  the  trench  was  flooded.  Each  of  these  inflows  usually 
caused  delay  of  greater  or  less  length,  from  a  few  hours  to  thirty- 
three  days,  but  usually  only  for  a  day  or  so.  The  last  four  flood- 
ings  which  occurred  (all  in  the  same  place)  were  due  apparently  to 
the  sheeting  of  the  coffer-dam  being  deflected  by  a  sunken  hulk. 
After  each  flood  the  space  between  the  inner  and  outer  sheeting 
was  flUed  with  clay  or  mixed  clay  and  gravel,  enough  being  put  in 
each  time  to  stop  the  leaks  sufficiently  to  allow  the  pumps  to  empty 
the  trench.  This  operation  was  repeated  for  each  flooding. 
Foundation  piles  for  supporting  the  main  sewer  on  the  Winthrop 
side  of  the  Inlet,  the  incline  to  the  siphon  and  the  gate-chamber, 
have  been  driven  for  a  length  of  one  hundred  and  twenty-five  feet. 
The  piles  for  ftie  western  half  of  the  main  sewer  have  been  driven 
six  piles  in  a  bent,  and  for  the  rest  five  piles  in  a  bent,  —  the 
bents  being  four  feet  apart  and  the  average  length  of  the  piles 
below  cap  being  about  twenty-nine  feet.  The  -platform  is  of  four- 
inch  spruce.  There  are  twelve  piles  in  the  bents  for  the  westerly 
gate-chamber  and  incline  to  the  siphon,  with  caps  of  spruce  twelve 
inches  square.  The  bents  are  four  feet  apart,  and  the  average 
length  of  the  piles  is  about  twenty-nine  feet. 

Miscellaneous.  —  The  concrete  used  in  the  siphon  was  mixed  in 
the  proportions  of  one  part  of  cement,  two  parts  of  sand,  three 
parts  of  crushed  brick. 

Section  10  (Day  Work),  East  Boston  and  Chelsea. 

Location,  -^  From  the  site  of  the  proposed  pamping  station  at  East  Boston,  near  the 
Grand.  Junction  Railroad  bridge  over  Chelsea  Creek,  thence  nnder 
Chelsea  Creek  between  the  Orand  Junction  Railroad  bridge  and  the 
Chelsea  Street  road  bridge,  to  a  point  on  Marginal  Street  near  Basteni 
Avenue,  in  Chelsea,  where  connection  is  made  with  Section  12. 
Length  of  section, 709  feet. 
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Character  of  Stmcturet :  —  ^  Length. 

Siphon  (Tannel)  5  feet  8  inches, 504  feet. 

Oate-chamber  and  Overflow  (gate  well,  16  feet  by  29  feet  by  7  feet; 

overflow  opening,  5  feet  by  10  feet), Sa   " 

Sand  catcher,  15  feet  5  inches  by  16  feet  1  inch, 14A    <* 

Redacer  (from  sand  catcher  to  main  sewer), 10    *< 

Main  sewer,  8  feet  4  inches  by  9  feet  2  inches, 12    « 

Aititeants, 

Superintendent 'of  tunnel  construction :  Charles  A.  Haskin. 

Foremen:  tunnel  work  — Henry  Hertz,  John   Daffy,  Patrick  McCarthy,  P. 

Fitzgerald. 
Foreman :  trench  work  ~  Charles  P.  Horton. 
Transitmen:  Principals  — E.  Elbert  Tuung,  Charles  L.  Weeks. 

"  Assistants  —  Wm.  H.  Boardman,  Jr. ;  Joseph  J.  Comfrey. 

Draughtsman :  F.  M.  Wilbar,  Percy  £.  Oiflbrd. 

Tunnel  for  Siphon. 

Tunnel  Excavation. 
Length  completed, 604.00  feet. 

Average  depth  below  level  of  ground  at  shaft  (El.  115),  to  bottom  of 

excavation 52.90    " 

Greatest  depth  of  excavation  measured  to  bottom  of  sump  at  shaft,      .      58.20    " 

Average  width  of  excavation, 8.00    " 

Cubic  yards  excavation  per  linear  foot,  2. 

Approximate  cost  of  excavation  to  date  (September  30)  per  linear  foot,  Inclading  pro- 
portion of  shafts,  $50.00. 

Approximate  Character  of  Excavation  in  Tunnel.  —  For  about  160  feet  from  site  of 
proposed  East  Boston  pumping  station,  hard-pan ;  for  next  90  feet  or  so,  clay  with 
some  boulders ;  for  about  45  feet,  gravel  and  clay ;  for  about  100  feet,  mainly  clay, 
with  a  little  silt ;  for  about  30  feet,  black  sand ;  for  about  50  feet,  clean  sand ;  for 
balance  of  distance,  the  sewer  tunnel  rested  on  sand,  with  silt  above. 

Tunnel  Masonrym 

Approximate  volume  of  brick-work,  Portland  cement  mortar,  per  linear 
foot,  where  used, 1.00  cub.  yd. 

Approximate  volume  of  concrete,  Portland  cement  mortar,  per  linear 
foot,  where  UFed, 133    "     ** 

Approximate  cost  per  linear  foot :  — 

Brick  masonry, $21  00 

Concrete  masonry, 16  00 

Length  completed :  — 

Brick  masonry, 442  feet. 

Concrete  masonry, 57    " 

Masonry  begun,  Nov.  15,  1892 ;  finished.  May  4, 1893. 

Approximate  cost  of  tunnel  per  linear  foot  of  excavation  and  masonry, 

including  proportion  of  shafte, 970  00 

Plant. 
One  incline. 

Tunnel  cars.  Captclty  tt  90  rarolotlons. 

One  Ingersoll  air  compressor,  16  inches  by  24  inches,      .    350  cubic  feet  per  minute. 

One  Ingersoll  air  compressor,  18  inches  by  20  inches,      .    376  cubic  feet  per  minute. 

Three  upright  boilers,  46  inches  by  9  feet. 

One  Lidgerwood  hoister,  6  inches  by  8  inches. 

Elevator  and  appliances. 

One  4-inch  centrifugal  pump. 

One  No.  5  pulsometer. 

One  8  Inches  by  14  inches  by  12  inches  Blake  pump. 
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Account  of  Construction,  —  As  stated  in  the  report  of  last  year, 
ground  was  broken  at  Shaft  No.  1  Sept.  26,  1892.     This  shaft 
was  located  between  the  track  of  the  Grand  Junction  railroad  and 
the  river  wall  of  Chelsea  Creek,  one  hundred  feet  from  the  lower 
end  of  the  section.     An  incline  was  used  in  digging  this  shaft,  as 
was  also  the  case  in  the  other  shaft  to  be  mentioned  later.     The 
location  of   the  shaft  rendered  the  sinking  very  difficult.     The 
small  space  between  the  railroad  and  the  river  made  it  impossible 
to  get  far  enough  away  to  have  a  natural   dam  of  earth  be- 
tween the  shaft  and  the  creek.     The  retaining  wall  which  forms 
the  bank  of  the  creek  in  this  neighborhood  allowed  a  free  chan- 
nel for  water  from  a  distance,  and  made  it  impracticable  to  build 
an  earthen  dam  by  filling  outside  the  shaft.     On  this  account,  after 
the  shaft  had  been  commenced,  22  feet  by  24  feet,  and  carried 
down  15  feet  through  the  river  wall,  into  what  appeared  to  be 
sound  impervious  material,  it  was  continued  of  the  size  of  13  feet 
by  14  feet,  and  tongued  and  grooved  plank  were  extended  from 
this  point  to  the  surface.     The  space  between  the  planks  forming 
the  smaller  size  and  the  sheeting  of  the  original  size  was  filled  with 
fine  sand.    The  earth  at  the  depth  of  18  feet  was   coarse  and 
admitted  water  freely,  making  it  necessary  to  work  by  tides.    To 
shut  off  the  water  from  the  porous  streaks,  grout  made  of  neat 
cement  was  poured  behind  the  sheeting,  and  in  places  where  stones, 
etc.,  did  not  admit  of  the  excavation  being  true  to  the  lines  of  the 
sheeting  the  spaces  were  filled  with  rich  concrete.    The  shaft  was 
not  down  to  grade  until  November  9.     In  the  beginning  of  the 
digging  &t  this  shaft  a  four-inch  centrifugal  pump  was  used.     When 
the  lift  became  too  great  for  this  a  five-inch  pulsometer  was  used. 
In  driving  the  tunnel  the  material  was  loaded  in  cars  at  the  heading 
and  run  to  the  shaft.     The  cars  were  hoisted  to  the  surface  by 
the  cage,  run  on  a  horizontal  track  elevated  seven  feet  above  the 
surface  of  the  ground  and  dumped  into  carts.     From  this  Shaft 
No.  1   two  headings  were  worked ;   the  southerly  about  eighty 
feet,  where  it  met  the  heading  from  Shaft  No.  3 ;  the  northerly 
heading  about  404  feet,  where  connection  is  made  with  the  gate 
chamber.     November  10  excavation  in  the  north  heading  com- 
menced, and  November  15  masonry  was  commenced.     On  Novem- 
ber 19  excavation  in  the  south  heading  was  begun,  followed  by 
masonry  two  days  later.      November    27,   on    commencing    to 
excavate,  85  feet  from  the  shaft  in  the  north  heading,  a  pocket  of 
sand  showed  in  the  roof,  and  water  and  sand  flowed  in.     The 
heading  was  bulkheaded,  and  left  until  an  air-lock  could  be  put  in, 
and  work  resumed  using  air  pressure.     Work  continued  on  the 
east  heading  until  December  4.     At  midnight,  December  4  and  5, 
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the  water  from  the  creek  broke  into  the  shaft,  flooding  the  work. 
December  10  the  shaft  was  pumped  down  by  the  Blake  pump. 
The  break  was  located  from  thirty-three  to  forty-two  feet  from  the 
top,  south-west  side.  Apparently  the  water  had  forced  its  way 
slowly  behind  the  timbers  and  a  greater  hydrostatic  pressure  had 
resulted  than  the  timbers  could  withstand.  The  break  was  repaired 
December  24,  and  the  shaft  was  cleaned  out  by  December  30.  To 
prevent  any  further  possibility  of  an  accident  of  this  kind  occurring, 
a  lining  of  concrete,  having  an  oval  opening  7  feet  8  inches  by  8 
feet  8  inches,  was  built  in  the  shaft.  Work  was  resumed  on  south 
heading  January  15.  January  17  puttiug  in  the  air-lock  was 
begun  in  the  north  heading.  This  air-lock  was  in  January  26, 
and  excavation  under  air  pressure  then  commenced.  January  20, 
a  second  shaft,  called  No.  8,  was  commenced  near  the  site  of  the 
proposed  East  Boston  pumping  station.  The  shaft  was  down 
February  28.  On  the  same  date  a  heading  was  started  northerly, 
and  March  4,  at  9  a.m.,  it  met  the  heading  from  Shaft  No.  1. 
While  driving  the  tunnel  a  No.  5  pulsometer  pump,  running  about 
one-half  the  time,  took  care  of  all  the  water.  The  estimated 
maximum  amounts  of  water  pumped  in  twenty-four  hours  from 
shaft  and  tunnel  were  respectively  580,000  and  65,000  gallons. 
March  18  the  masonry  between  Shafts  1  and  8  was  completed. 
The  work  in  the  north  heading  from  the  time  of  putting  on  air 
pressure  progressed  well.  Ordinarily  it  was  found  necessary  to 
support  the  roof  only.  Plates  were  put  in  from  the  springing  line 
of  the  arch,  every  alternate  foot  or  ring.  While  the  excavation 
was  hard-pan  the  circumferential  length  of  one  ring  was  nine  feet ; 
of  the  next,  twelve  feet.  In  the  fine  sand  and  silt,  all  the  rings 
measured  twelve  feet.  The  length  of  each  ring,  measured  on  the 
line  of  the  tunnel,  was  one  foot,  t.  e.,  the  width  of  the  plates. 
Between  Sta.  2  +  21  and  Sta.  2  +  81,  the  gravel  and  clay 
under  the  action  of  water  worked  into  a  jelly-like  condition. 
The  invert  was  here  covered  with  two-inch  planks,  forming 
a  cradle  three  feet  four  inches  wide.  In  the  bottom,  Sta. 
2  +  31  to  Sta.  2  +  40  steel  plates  were  used  to  form  the  cradle. 
Between  Sta.  8  +  85  and  Sta.  3  +  43  the  clay  was  soft.  In 
this  bottom  a  cradle  of  planks,  four  feet  eight  inches  wide,  was 
put.  Better  progress  was  made  through  clay  than  through  hard- 
pan,  and  better  progress  through  sand  or  silt  than  through  clay. 
The  method  of  bracing  was  to  excavate  the  roof  of  exact  shape 
and  hold  it  by  plates  made  of  one-eighth  inch  steel  curved  to 
proper  radius,  three  feet  long  and  one  foot  wide.  The  edges 
of  the  plates  were  reinforced  with  two-inch  by  one-quarter  inch 
angles,  through  which  bolts  were  passed  to  fasten  together  adjacent 
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plates.  These  were  held  up  by  spruce  braces  which  were  taken 
out  as  masonry  was  built.  The  bottom  of  the  excavation  was 
usually  dug  so  as  to  fit  the  masonry.  The  tunnel  for  nearly  its 
whole  extent  was  lined  with  brick-work  laid  in  Portland  cement 
mortar.  The  theoretical  thickness  was  twelve  inches.  In  the  arch, 
however,  owing  to  variations  in  carrying  the  alignment,  the  thick- 
ness was  often  exceeded.  Frequently  where  loose  material  was  in 
the  roof  a  plate  would  get  slightly  canted  in  being  placed.  This 
would  have  the  effect  of  throwing  the  next  plate  upward,  and 
before  the  tendency  to  rise  was  discovered  it  sometimes  happened 
that  the  roof  was  a  foot  too  high.  No  underdrain  was  used 
in  the  tunnel.  At  the  north  heading,  where  compressed  air 
was  used,  the  pressure  was  utilized  to  carry  off  the  water.  An 
iron  pipe  one  and  one-half  inches  in  diameter  was  carried  through 
the  lock,  and  extended  to  the  heading.  At  the  heading  was  an 
ordinary  stop-cock  and  a  short  piece  of  suction  hose.  Dropping 
the  end  of  the  suction  hose  into  what  water  had  accumulated  in 
the  heading,  and  opening  the  stop-cock,  the  pressure  forced  the 
water  to  the  shaft.  The  headings  between  Shafts  1  and  8  met 
without  any  measured  error.  This  part  of  the  tunnel  was  on  a  curve 
of  eighty  feet  radius,  and  the  line  was  carried  by  offsets  from  chords 
forty  feet  long.  The  heading  between  Shaft  No.  1  and  the  gate- 
chamber  struck  the  sheeting  of  the  gate-chamber  excavation  .013 
feet  to  the  right  of  line.  The  base  from  which  this  was  run 
measured  5.66  feet,  and  was  in  a  shaft  continually  dripping 
water.  The  tunnel  was  lighted  by  incandescent  electric  lamps. 
At  a  point  half  way  across  Chelsea  River,  where  the  roof  was  thin, 
an  iron  plate  bound  with  angle  irons  and  extending  twenty  inches 
below  the  crown  of  the  arch  was  put  in.  The  object  of  this  was 
to  make  a  diaphragm,  behind  which  an  air  chamber  would  form, 
thus  allowing  the  men  to  reach  the  lock  with  their  heads  above 
water  should  a  break  occur  at  the  heading. 

Ayerage  progress  per  week  in  tannel  under  pressure,     ....       24.8  feet. 
Average  progress  per  week  in  open  tunnel  from  Shaft  1,        •       .       .        18.0    " 
Ayerage  progress  per  week  in  open  tunnei  from  Shaft  3,         ...        13.0    ** 

It  was  thought  that  rapid  progress  in  tunnelling  under  the  river 
would  be  safer  than  slow  progress.  The  more  promptly  the  plates 
were  put  in  the  less  liable  was  the  earth  roof  to  become  demoral- 
ized. For  this  reason  an  extra  payment  was  made  to  those  in 
charge  of  tunnelling  when  progress  exceeding  an  average  of  three 
feet  per  day  for  a  month  was  made. 
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Sand  Catcher,  Etc. 

Trench, 

Length  completed, 161  feet. 

Average  depth  of  excayfttion  to  bottom  of  pile  caps,       ....  21    ** 

Greatest  depth  of  excavation  to  bottom  of  pile  caps,       ....  29    ** 

Cable  yards  excavation  per  linear  foot,  26. 

Approximate  cost  of  excavation  per  linear  foot,  incloding  sheeting  left  in,  excavation 
and  refilling  below  masonry,  $50. 

Character  of  Earth  Excavation,  —  Outside  of  sea-wall,  downward  from  surface, 
abont  two  feet  of  river  mad,  about  eight  feet  of  silt,  then  about  seven  feet  of  mixed 
sand  and  silt;  inside  of  sea-wall,  downward  from  surface,  about  four  feet  of  gravel* 
about  eight  to  teo  feet  of  peat,  about  ten  feet  of  silt,  tben  about  seven  feet  of  mixed 
sand  and  silt. 

Plant. 
One  steam  derrick. 

One  incline. 

One  pile  driver. 

One  6-inch  centrifugal  pump. 

One  duplex  staam  pump,  8  inches  by  8}  inches  by  12  inches. 

Three  small  steam  pumps. 

Account  of  Construction.  —  The  cross-section  of  the  sand  oatcher 
is  similar  to  that  shown  for  Section  7  on.  page  62  of  the  fourth 
annual  report.  Work  was  commenced  Oct.  14,  1892,  by  driving 
round  piles  for  a  coffer  dam  around  that  portion  which  was  outside  of 
the  sea  wall  which  forms  part  of  the  causeway  leading  to  the  bridge. 
An  open  cut  was  started  at  the  Chelsea  end  of  old  Chelsea  bridge 
on  the  date  just  mentioned.  The  natural  earth  in  this  locality  is 
very  fine  sand,  kept  in  a  semi-fluid  condition  by  water  which  rises 
from  an  underlying  stratum  of  gravel  as  described  in  the  report 
for  Section  12.  To  overcome  this  condition,  two-inch  pipes  were 
driven  into  the  underlying  gravel  and  the  water  pumped  from 
it.  By  this  means  the  level  of  the  ground  water  was  lowered  from 
its  original  level  of  six  feet  below  the  street  surface  to  a  depth 
thirty-two  feet  below  the  level  of  the  street.  Thirty  of  these  wells 
have  been  driven  in  all,  though  only  twelve  or  fourteen  were 
pumped  from  at  one  time.  The  close  proximity  of  the  sea-wall 
proved  a  source  of  trouble.  This  wall  was  founded  on  piles,  and 
underneath  was  a  free  passage  for  water.  Many  times  water 
broke  into  the  trench,  causing  delay.  No  underdrain  was  used. 
Ordinarily  a  small  steam  pump,  throwing  about  a  two-inch  stream, 
took  care  of  the  water  in  the  trench.  At  times,  however,  it  was 
necessary  to  use  the  steam  pump,  together  with  a  six-inch  centrifu- 
gal pump.  Pumping  was  from  the  bottom  of  the  trench.  The 
duplex  pump  was  used  for  pumping  from  the  driven  wells. 


Mulmnni 920,000  fnllmi. 

HInlmDm, 69,000       " 

Artngt 270,000       " 

Bitlmated  onlliurr  unonnt  of  water  pamped  tnm  dri^ai  well*  In 

Uhoun 130,000       " 

The  stractare  is  supported  on  piles,  driven  in  bents  of  nine, 
(onr  feet  apart  on  eentree.  These  piles  are  cut  to  an  arc  of  thirty 
feet  radias  so  as  to  malce  a  concave  platform,  and  caps  made  of 
aix  pieces  of  2-invb  b;  t2-incb  spruce  are  fitted  to  this  arc.  and 
Imlted  to  each  pile  with  }-iach  by  24-inch  drift  bolts.  The  platform 
is  made  of  fonr-inch  spmce  planks.  The  piles  average  thirty-four 
feet  in  length.  There  have  been  numerous  slight  accidents  to 
men.  During  the  winter,  when  the  ice  covered  everything,  hardly 
a  day  passed  without  a  man  falling  overboard.  None  of  these 
men  were  hurt  seriously,  however.  One  serious  accident  occurred 
August  1.  Joseph  Conroy,  who  was  at  work  on  the  pile  driver, 
fell  into  the  trench  and  broke  his  wrist  and  four  ribs.  Dnring  the 
winter  the  coffer-dam  was  completed  and  some  digging  done. 
There  was  a  delay  in  receiving  granite  for  the  gate-chamber,  and 
as  this  was  the  key  of  tbe  whole  work  the  balance  waited  with  it. 
The  masonry  of  the  gate-cbamber  and  overflow  has  been  com* 
pleted,  together  with  about  eighty-nine  feet  of  that  of  tbe  sand 
catcher. 

Section  12  (Dat  Work),  Chelsea. 

Location.  ~OTt  Marginal  Street,  far  a  dliunce  of  atxmt  120  reeEMDtliwDiterir  Iron 
Eaitem  Avenno. 
Chamcter  of  Work :  —  To  excavate  for  and  parti;  rebaild  about  9i  feet  of  dd 
Hwer  and  to  build  aboat  22  feet  of  new  lewet. 
Diameter  of  lewer ;  — 

8  bet  4  IncbeD  b;  9  ftet  2  Inchei. 

Depth  of  excaratloD  to  ander  *lde  of  pile  cap 26.S  feet 

Afera^  wldib  topofirencb, ISO   " 

Average  width  bottom  ottrencb UJ)    " 

Cable  rarda  excavation  per  linear  foot,  15.0. 

Approximate  cost  of  uctlon  per  linear  foot  of  trench  and  maionij,  iDclndlng  drlTin 
well*,  pilea  and  platform,  fM.OO. 

Ejscavaiion.  —  In  the  third  and  fourth  annual  reports  an  account 
was  given  of  difficulties,  settlement  of  street,  demoralization  of 
trench,  delay,  aud  settlement  and  cracking  of  sewer  already  built, 
caused  by  excavation  of  quicksand  in  the  trench  of  Section  12  near 
Eastern  Avenue.  The  work  so  injured  has  this  year  been  re- 
excavated  and  as  far  as  necessary  replaced,  and  a  short  length  not 
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then  built  has  been  constructed  this  year.  Work  was  began  July 
5,  1893,  near  £asiem  Avenue.  As  already  described  in  the  above 
mentioned  annual  reports,  the  material  here  excavated  is  silt  con- 
sisting largely  of  very  fine  sand.  The  difficulty  in  excavating  the 
quicksand  was  caused  by  boiling  springs,  the  water  of  which  came 
from  a  coarse  stratum  about  fifty  feet  below  the  surface  of  the 
street.  In  the  fourth  annual  report  an  account  is  given,  with 
illustrations,  pages  71  to  73,  of  the  method  of  almost  completely 
removing  this  difficulty  by  sinking  wells  into  this  stratum  and 
lowering  the  head  of  water  below  the  bottom  of  the  trench  to  be 
excavated.  In  making  excavation  for  these  repairs  this  method 
was  again  resorted  to  with  complete  success.* 

The  amount  of  pumping  is  approximately  shown  as  follows :  — 

Ayermge  amount  of  water  pnmped  from  the  pipe  welli  in  24  hoort,     130,000  gallons. 
Average  arooont  of  water  pumped  from  trench  in  24  hours,  .        .     106,000       " 
Maximum  amount  of  water  pumped  flrom  trench  in  24  hours,       .    200,000       ** 

The  excavation  was  slow  on  account  of  having  to  remove  the 
large  amount  of  bracing  and  timber  left  in  the  old  trench.  When 
the  former  trench  was  refilled  nearly  all  the  timber  used  in  bracing 
and  sheeting  had  been  left  in.  Making  another  trench  in  the  same 
place  required  considerable  caution  in  cutting  out  and  working 
around  this  old  timbering.  Starting  from  the  beginning  of  the 
work,  near  Eastern  Avenue,  the  condition  when  excavation  was 
finished  was  as  follows :  First  eleven  feet,  a  pump  well  had  been 
located  and  no  sewer  built.  Next  sixty-two  feet,  work  had  set- 
tled, and  in  some  places  had  cracked.  Next  eleven  feet,  sewer 
not  built.  Next  thirty-two  and  one-half  feet,  sewer  had  settled 
at  one  end  1.4  feet,  and  at  the  other  end  0.1  foot. 

Foundation. — The  pumping  operations  described  above  had 
been  so  effective  that  the  earth  in  the  bottom  of  the  trench  was  in 
almost  an  ideal  condition,  contrasting  very  strongly  with  that  when 
the  original  excavation  was  made.  At  the  time  when  the  trench  was 
open  in  1891,  an  iron  pipe,  one-inch  diameter,  twenty  feet  long, 
was  pushed  its  entire  length  below  grade  without  difficulty.  This 
year  it  was  found  impracticable  to  drive  a  two-inch  plank  with 
a  heavy  sheeting  maul  more  than  ten  inches  into  the  sand.  An 
iron  crow-bar  dropped  from  the  top,  a  distance  of  twenty-six  feet, 
and  striking  fair  on  its  point,  it  did  not  penetrate  enough  to  enable 
it  to  stand  upright  in  the  bottom.     In  restoring  the  work  it  was 

*  A  patent  haa  lately  been  claimed  by  the  man  who  superintended  driving  the 
wells.  The  plan  in  all  essential  particulars,  however,  had  been  devised  by  the  writer 
and  his  assistants  before  either  had  ever  heard  of  him  or  any  of  his  work.  The  writer 
need  a  somewhat  similar  method  twenty  years  ago,  and  he  has  lately  learned  that 
a  method  precisely  like  that  described  was  used  by  the  Newton  city  engineer  in  1880. 
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decided,  since  no  settlement  had  taken  place  for  more  than  a  year, 
to  use  that  portion  of  the  work  already  in  which  had  settled  but 
had  not  cracked,  as  a  platform  on  which  to  found  the  new  work. 
Where  the  old  work  was  found  to  be  cracked  it  was  taken  out 
and  new  work  was  built  on  piles  and  platform. 

Section  12  (Contract  Work),  Chelsea. 

Location,  —  In  Marginal  Street,  from  Eastern  Avenae  to  aboat  forty  feet  west  of 
Sbawmiit  Street.  The  first  116  feet  included  masonry  which  had 
been  settled  and  cracked  by  quicksand  excavation.  Its  rebuilding 
by  the  day  is  described  elsewhere  in  this  report. 

Length  of  section, 3,035  huL 

Diameters  of  sewer,  8  feet  4  inches  by  9  feet. 
Contractor.  —  Grin  P.  Roberts  of  Cambridge,  Mass. 

Contractor' 8  Superintendent  (Tear  ending  Sept,  30, 1893 J,  —  Charles  O.  Craib. 
Contractor' 9  Principal  Foreman  (Tear  ending  Sept,  30, 1893),  —  R.  O.  Craib. 

State  Aeeistante  (  Tear  ending  Sept.  30, 18 93 J. 

Inspectors :  Francis  L.  Sellew,  James  E.  Coyne. 
Transitmen :  Principals  —  Hartley  L.  White,  Seth  Peterson. 

"  Assistants  —  Edward  S.  Foster,  Charles  Kincaid,  Thomas  T.  Cass. 

Trench, 

Length  completed, 3,036.00  feet. 

Average  depth  of  excavation  to  bottom  of  pile  cap,         ....      27.00    " 
Greatest  depth  of  excavation  to  bottom  of  pile  cap,         .       .       .       .      29  80    ** 

Average  width  top  of  trench 14.80    " 

Average  width  bottom  of  trench, 1270    ** 

Cubic  yards  excavation  per  linear  foot,  13.80. 

Approximate  cost  of  trench  per  linear  foot,  inclading  sheeting  left  in,  excavation  and 
refilling  below  masonry,  backfilling,  pile  foundation,  etc.,  $19.00. 

Character  of  Earth  Excavation,  —  Beginning  of  section  to  Highland  Street,  five 

feet  of  street  filling  on  a  few  feet  of  peat  and  silt,  below  which  was  fine  sand  and 

silt;  Highland  Street  to  Shawmut  Street,  alternate  strata  of  clay  and  gravel  below 

the  street  surfacing. 

Jlieuonry. 
Contract  price :  — 

Brick-work,  American  cement  mortar,  per  cubic  yard,       ....   $13  36 

Brick-work,  Portland  cement  mortar,  per  cubic  yard, 14  41 

Concrete,  American  cement  mortar,  per  cnbic  yard 5  00 

Concrete,  Portland  cement  mortar,  per  cnbic  yard, 6  36 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

8-Inch, 113  feet. 

10-Inch 8    " 

12.inch 1,113    ^ 

Approximate  cost  of  masonry  per  linear  foot,  including  underdrain,  etc.,  $22.00. 

Length  completed, 3,014  feet 

Masonry  begun,  Aug.  4, 1891 ;  finished,  Feb.  2, 1893,  except  the  above  noted  por- 

tion  rebuilt  by  the  day. 

Approximate  cost  of  section  per  linear  foot  of  trench  and  masonry,  including  labor, 
material,  driven  wells,  inspection  and  miscellaneous  items,  $45.00. 

NoTB.  —  The  information  regarding  Section  12  following  this  note  relates  solely  to 
the  year  ending  Sept.  80, 1893.  For  a  description  of  the  work  performed  prior  lo 
this  year,  see  the  thkd  and  fourth  annual  reports. 
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Excavation. — The  work  was  carried  on  from  two  openings. 
One  opening  (No.  1)  was  continued  from  about  one  hundred  and 
fifty  feet  east  of  Highland  Street  to  Highland  Street,  where  it  con- 
nected with  the  other  opening.  This  latter  opening  (No.  2)  was 
continued  from  about  two  hundred  feet  west  of  Charles  Street  to 
the  end  of  the  section.  The  excavated  material  in  opening  No.  1 
was  hoisted  from  the  trencli  by  means  of  derricks  and  taken  back 
for  back-filling  by  means  of  tram-cars,  while  in  opening  No.  2 
like  work  was  done  by  a  trench  machine.  The  distances  covered 
by  the  operations  from  openings  Nos.  1  and  2  were  respectively 
one  hundred  and  fifty  and  four  hundred  feet.  In  opening  No.  1 
the  water  was  handled  with  a  six-inch  Blake  pump  attached  to 
wells  driven  along  the  trench  to  the  gravel  stratum  below,  a 
little  being  pumped  from  the  trench  itself  by  a  hand  pump.  In 
opening  No.  2  the  ground-water  was  handled  by  a  six-inch  cen- 
trifugal pump  at  a  point  about  three  hundred  feet  west  of  Charles 
Street  and  a  pulsometer  in  the  trench.  At  the  times  when  the 
greatest  amount  of  water  was  being  pumped  it  is  estimated  that 
the  quantities  pumped  at  openings  Nos.  1  and  2  were  respectively 
75,000  and  1,000,000  gallons  in  twenty- four  hours.  The  ordinary 
progress  per  week  in  opening  No.  1  was  fifty  feet ;  in  opening  No. 
2,  thirty  feet.  The  work  was  not  shut  down  at  any  time,  although 
for  two  weeks  in  January  but  little  was  done  owing  to  the  severely 
cold  weather. 

Foundation,  —  Between  Charles  Street  and  Shawmut  Street 
about  one  hundred  and  forty  feet  of  the  bottom  of  the  trench 
was  excavated  to  fit  the  invert  of  the  sewer.  Opening  No.  1  was 
in  quick-sand,  which  was  handled  by  removing  the  water  by  means 
of  driven  wells,  which  process  was  described  in  the  report  of  last 
year.  A  pile  foundation  for  the  sewer  was  put  in  from  Congress 
Avenue  to  Highland  Street.  The  piles  were  driven  in  five-pile 
bents  about  four  feet  apart  and  capped  with  ten-inch  by  twelve- 
inch  timbera,  which  formed  the  sills  of  the  four-inch  floor.  The 
piles  varied  in  length  from  five  to  twenty-seven  feet  below  the 
cap,  averaging  about  eighteen  and  one-half  feet. 

Difficulties.  —  A  spring  was  encountered  near  the  foot  of  Shaw- 
mut Street.  This  filled  the  trench  to  a  depth  of  about  six  feet 
and  delayed  work  on  the  masonry  for  about  two  weeks. 

Miscdlaneoua.  —  The  crown  of  the  arch  at  no  place  came  nearer 
the  surface  than  twelve  feet.  Some  of  the  surplus  earth  was  used 
for  filling  an  adjacent  marsh,  and  some  was  used  to  make  a  dyke 
for  protection  against  tidal  encroachments. 
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Section  14,  Chelsea. 

Location  — From  a  point  in  Marginal  Street  40  feet  west  of  Shawmat  Street,  through 
Marginal  Street  to  Hawthorn  Street,  thenoe  on  the  line  of  Marginal 
Street  extended  for  200  feet  through  private  land  to  near  Pearl  Street, 
thenoe  through  private  land  to  Chelsea  Square,  thence  through  Second 
Street  to  a  point  about  100  feet  north-west  of  Spruce]  Street. 

Length  of  section 3,445  feet. 

Diameters  of  sewers  and  length  of  each  size :  ^ 

8  feet  10  inches  (circular), 1,586  feet. 

8  feet  4  inches  by  9  feet 1,749    " 

8  feet  2  inches  by  8  feet  10  inches 110    " 

CotUraetora.  —MttroipoWtAn  Construction  Company  of  Boston,  Mass. 
Contractor' 9  Superintendent  (Tear  ending  Sept,  30, 1893).—Qtorgb  W.  Judd. 
Contractor'e  Principal  Foremen  (Tear  ending  Sept.  30, 1893 J:  — 
Trench  —  William  Lindsey,  James  Long. 
Tunnel— Thomas  Murphy,  Colin  Cameron. 


State  Astiitanta  (Tear  ending  Sept.  30,  1893). 

Assistant  Engineer :  Seth  Peterson. 

Inspectors :  M.  F.  Oarra,  James  J.  Conway,  John  D.  Collins,  James  £.  Coyne. 

Transitmen:  Principals  —  Seth  Peterson,  Fred  Brett. 

"  Assistants— Charles  Kincaid,  Thomas  T.  Cass. 


Ttench  and  Tunnel, 

Length  completed  of  trench  excavation, 1,862.00  feet. 

Length  completed  of  tunnel  excavation, 1,583.00  ** 

Average  depth  of  trench  excavation  to  bottom  of  underdrain,       •  28.60  ** 

Greatest  depth  of  trench  excavation  to  bottom  of  underdrain,       .  37.00  " 

Average  width  top  of  trench, 14  50  *' 

Average  width  bottom  of  trench 12.10  '* 

Average  depth  from  surface  of  ground  to  bottom  of  tunnel  under- 
drain   S7.00  " 

Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel  under- 
drain   45.50  «« 

Average  width  of  tunnel  excavation, 11.10  " 

Cubic  yards  trench  excavation  per  linear  foot,  14.50. 
Cubic  yards  tunnel  excavation  per  linear  foot,  4.20. 

Approximate  cost  of  trench  and  tunnel  per  linear  foot,  including  sheeting  left  in» 
excavation  and  refilling  below  masonry,  backfilling,  etc.,  $28. 


Character  of  Earth  ExcavaHon.  —  Approximate  cross-section  from  beginning  of 
•section  to  Shurtleff  Street,  17i  feet  of  sand  and  gravel,  3  fbet  of  clay,  sand.  The  sand 
was  quite  wet  up  to  about  3  fott  above  water  line  of  sewer.  Sh  urtlefF  Street  to  Chelsea 
Square :  sewer  built  in  tunnel,  surrounded  by  cUy.  Chelsea  Square  to  Chestnut  Street : 
tunnel,  sewer  first  surrounded  by  quick-sand,  later  clay  in  top  and  gradually  running 
down  until  it  finally  surrounded  the  sewer.  Approximate  cross-section  flrom  Chestnut 
Street  to  Ash  Street :  li|  feet  of  surfacing,  4i|  feet  of  sand  and  gravel,  clay  to  about  3 
feet  above  water  line  of  sewer,  then  quicksand.  Approximate  cross-section  from 
Ash  Street  to  end  of  section :  upper  8  feet,  sand  and  gravel,  then  3  feet  of  peat,  then 
clay ;  the  only  exception  being  that  gravel  took  the  place  of  the  latter  fbr  one  hun- 
dred feet  near  Spruce  Street. 
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Contract  price :  — 
Brick-work,  Amerlcao  c 
Brick-work,  American  o 
Brick-work,  Portland  cei 
Brick-work,  Portland  cei 
Concrete,  American  cemc 
Concrete,  American  cem« 
Concrete,  Portland  cemei 
Concrete,  Portland  cemei 

Diameters  of  anderdrain  lai 
4-incli,  .        •       .        . 
6-incb,  •       •       •       • 
10-incb,   •        .       •       . 

12-iDCll,    .  •         .  . 

Approximate  cost  of  masoni 

drain,  etc.,  $20.00. 
Length  completed,  trench. 
Length  completed,  tannel, 

Masonry  began  in  tunnel,  . 
Masonry  began  in  trencb, « 

Approximate  cost  of  section 
labor,  material  and  inspec 
increased  bj  claims  now  pc 

NoTB.  — The  information  re 
tbe  year  ending  Sept.  80, 1893 
this  year,  see  tbe  fourth  annoa 

Open  Cut  Work.  —  0\ 
by  means  of  trench  mac 
ation  from  last  year's  wc 
the  school- house,  to  nes 
hundred  and  twenty-fou 
was  thirty  feet.     The  foi 
from  which  the  water  wai 
the  gravel,  as  described 
with  these  were  three  six- 
of  the  school  house.    The 
one  foot  above  that  of  the 
the  pressure  that  with  th 
which  was  handled  by  a 
The  amoant  pumped  was 
per  twenty-four  hours.     T 
was  increased  to  twenty  in 
Second  Street,  near  Poph 
soath  corner,  and  the  blocl 
one  and  one-half  inches  b 
about  the  trench.     A  wooc 
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Second  Streets  was  slightly  disturbed  from  the  same  cause.  The 
second  opening  was  started  March  21,  1893,  on  Marginal  Street 
at  Shurtleff  Street.  Operations  from  this  extended  to  the  beginning 
of  the  section,  a  distance  of  about  five  hundred  and  forty-eight 
feet.  The  average  progress  per  week  was  about  forty  feet.  In 
the  beginning  of  the  work  here,  the  ground-water  was  handled  by 
a  six-inch  pump  and  pulsometer  located  about  half  way  between 
Magee's  Foundry  and  Phillips  &  Hodgdon's  coal  wharf.  After  a 
short  time  an  eight-inch  pump  was  located  opposite  Magee's 
Foundry,  and  that  alone  handled  all  the  water.  The  foundation 
for  all  the  open-cut  work  was  excavated  to  a  depth  of  about  six 
inches  below  the  bottom  of  the  masonry  and  refilled  with  gravel. 
Both  in  Second  Street  and  in  Marginal  Street,  local  sewers  have 
been  relaid  on  platforms  supported  by  posts  standing  on  piers 
built  upon  the  arch  of  the  Metropolitan  sewer. 

Tunnel  Work,  —  On  Second  Street  a  heading  was  started  from 
the  end  of  the  trench  toward  Broadway  Square.  The  end  of  the 
trench  which  was  used  as  a  shaft  was  about  fifty  feet  north-west 
of  Chestnut  Street.  When  the  sewer  had  been  built  some  sixty 
feet  in  this  heading  the  laying  of  the  masonry  was  stopped  for  a 
time  and  the  timbering  was  run  ahead  about  one  hundred  and 
sixty-five  feet  from  the  shaft.  Here  fine  running  sand  appeared 
in  such  quantities  that  it  was  thought  best  to  finish  the  work  to 
this  point  before  drifting  further.  For  a  distance  of  about  one 
hundred  and  thirty  feet  from  the  shaft  the  bottom  of  the  excava- 
tion was  shaped  to  fit  the  invert  of  the  sewer.  The  average  prog- 
ress to  this  point  was  16.7  feet  per  week.  The  sand  in  the  bottom 
then  became  very  troublesome,  and  it  seemed  dangerous  to  con- 
tinue excavating  lest  the  sand  should  run  from  underneath  the 
work  already  built  and  cause  it  to  settle.  Work  was  accordingly 
suspended  on  November  8.  On  November  10  came  a  very  heavy 
storm,  and  the  tunnel  was  flooded  by  water,  from  the  streets  and 
local  sewers,  coming  into  the  shaft  and  the  open  trench  in  the  rear. 
The  clay  on  which  the  timber  roof  was  supported  became  soft 
and  allowed  the  legs  in  the  drift  ahead  of  the  masonry  to  settle 
gradually  through  into  the  sand.  This  caused  the  street  sur- 
face to  settle  some  four  feet  for  a  length  of  thirty-five  feet. 
No  damage  resulted  from  this*  either  to  adjacent  buildings  or  to 
the  masonry,  beyond  pushing  out  of  place  a  few  bricks  at  the 
toothing,  by  the  lagging  doubling  and  breaking  as  the  timber  ahead 
settled.  From  the  end  of  the  masonry  already  built  to  the  Broad- 
way shaft  the  work  was  carried  on  under  air  pressure,  the  roof 
being  lined  with  fianged  curved  plates  bolted  to  each  other  sim- 
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liar  to  those  used  at  the  Pearl  Street  shaft.  The  time  from 
November  8  to  29  was  employed  in  constructing  air-locks  and 
placing  machinery.  On  the  29th  of  that  month  a  small  air  com- 
pressor was  started,  and  during  the  night  five  rings  of  plates  were 
put  in.  After  this  good  progress  was  made.  On  Jan,  6,  1893,  a 
second  compressor  was  added,  and  thereafter  both  were  run.  The 
work  went  on  until  February  9,  when  about  two  hundred  and 
thirty  feet  had  been  built  under  air  pressure  at  an  average  rate  of 
22.9  feet  per  week.  Meanwhile  the  character  of  the  earth  had 
been  gradually  changing,  and  about  this  time  the  sewer  passed 
wholly  below  the  top  of  the  stratum  of  quicksand.  The  escape  of 
air  was  then  so  great  that  the  necessary  air  pressure  could  not 
be  maintained,  and  on  the  11th  work  was  therefore  suspended 
until  another  compressor  could  be  obtained.  The  third  com- 
pressor was  started  on  the  17th,  and  with  the  extra  pressure 
thus  derived  another  section  about  fourteen  feet  in  length  was 
completed.  In  the  following  section,  however,  the  pressure  could 
not  be  maintained,  and  work  was  again  discontinued  on  the  21st 
until  machinery  of  greater  capacity  should  arrive.  On  March  5  a 
100-horse  power  vertical  boiler  and  two  more  large  compressors 
were  set  in  operation,  making  five  compressors  in  all.  These 
were  kept  running  to  the  end  of  the  work.  With  all  five  running, 
however,  the  excavation  could  only  be  carried  to  a  point  about  one 
and  one-half  feet  above  the  bottom  of  the  masonry,  the  ground 
below  this  being  saturated  with  water.  It  was  then  suggested 
that,  as  the  leakage  of  air  was  at  the  top,  the  air  might  he  held  in 
suflScient  quantity  to  allow  excavating  the  bottom  and  laying  the 
masonry  by  starting  as  low  as  possible  and  putting  in  a  concrete 
lining  to  the  sides,  roof  and  breast  of  the  heading.  This  method 
of  holding  the  pressure  was  successful.  It  was  then  tliougbt 
that  if  the  arch  was  built  first  the  same  result  might  be  obtained 
without  the  use  of  concrete,  and  this  proved  to  be  the  case. 
The  arch  was  built  on  wall-plates,  and  these  and  the  arch  were 
supported  by  braces  from  the  axial  or  needle-beam  in  the  same 
manner  as  were  the  plates.  The  invert  was  then  built  up  to 
the  wall  plates,  which  were  taken  out.  The  space  so  left  was 
filled  with  brick.  After  building  forty-six  feet  in  this  manner, 
clay  again  appeared  in  the  bottom  and  work  went  on  in  the  regu- 
lar way,  although  the  last  section  was  delayed  by  the  timbering 
driven  in  from  the  Broadway  shaft.  Through  the  quicksand 
tunnel  the  masonry  was  increased  from  twelve  inches  to  sixteen 
inches  in  thickness.  The  average  progress  for  the  last  one  hun- 
dred and  five  feet,  deducting  the  time  of  suspension  while  waiting 
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for  compressors,  was  18.6  feet  per  week  ;  or,  without  this  deduc- 
tion, 9.5  feet  per  week.  The  average  for^he  whole  distance  built 
under  air  pressure,  counting  from  the  time  the  first  compressor 
was  started,  was  sixteen  feet  per  week.  The  cost  per  linear  foot 
of  completed  work  of  this  portion  (with  thicker  masonry)  was 
$56.60,  and  in  the  headings  where  compressed  air  was  not  used 
(with  thinner  masonry)  it  was  $46.37.  The  cost  is  that  to  the 
Commonwealth,  according  to  the  regular  estimates  for  payments 
to  the  contractors.  The  amount  of  air  compressed  is  roughly  esti- 
mated as  shown  in  the  following  table  :  — 

Approximate  Estimate  of  Air  Compressed. 


TlXB. 


Compressor*. 


Cubic  Feel 
per  Minote. 


November  0  to  January  6, 1  About  185 

January  6  to  February  17, 2  "  380 

February  17  to  March  5, 8  "  850 

March  6  to  April  2d, 6  "  1.400 


Up  to  about  March  1  there  was  no  gauge  to  determine  the 
amount  of  air  pressure  in  the  headings.  After  that  date  the  gauge 
showed  a  pressure  of  from  three  to  six  pounds  per  square  inch, 
according  to  the  condition  of  the  heading,  the  maximum  being 
reached  at  the  completion  of  a  section  of  masonry.  After  the 
masonry  was  finished  the  air  was  kept  on  for  a  few  days  while 
some  holes  were  being  filled  which  had  been  cut  to  make  the  ex- 
periment of  grouting  over  the  arch.  Duiing  this  time  the  smallest 
compressor  of  the  five  could  scarcely  be  run  slowly  enough  to  keep 
the  pressure  at  five  pounds  per  square  inch. 

There  was  one  fatal  accident  at  this  shaft,  which  occurred  as 
follows :  At  about  10  o'clock  in  the  forenoon  of  December  18  a 
loaded  car  was  brought  up.  Peter  Maginn  received  it  at  the  top 
and  pushed  it  from  the  elevator.  He  should  then  have  placed  the 
guard  chain,  but  failed  to  do  so.  Instead,  he  pushed  the  car  along 
the  run  to  the  dump  and  ran  it  back  empty  to  the  shaft,  from  which 
the  elevator  had  been  dropped.  Maginn  lost  his  balance  and  fell 
after  the  car  to  the  bottom  of  the  shaft,  sustaining  injuries  from 
which  he  died  in  the  hospital  in  the  latter  part  of  the  afternoon  of 
that  day. 

There  was  one  other  tunnel  heading  on  this  section  (a  continua* 
tion  from  last  year's  work) ,  and  operations  in  it  progressed  east  a 
distance  of  about  one  hundred  and  twelve  feet  to  Shnrtleff  Street 
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It  was  a  timbered  tunnel,  all  in  clay,  and  the  bottom  of  the  exca- 
vation was  shaped  to  fit  the  invert  of  the  sewer.  The  ordinary 
progress  per  week  was  about  twenty-five  feet. 


Section  16,  Everett. 

Location.^  In  Second  Street,  fh>m  the  CbelseA  line  to  the  tracks  of  the  Eastern 
Division  of  the  Boston  &  Maine  railroad,  thence  westerly  on  the  south 
side  of  the  tracks  for  about  1,700  feet,  thence  across  the  marsh  to 
Broadway  near  the  northerly  end  of  Bow  Street. 

Diameters  of  sewers,  and  leojcth  of  each  size:  — 

8  feet  2  Inches  by  8  feet  10  inches, 3,573  feet. 

0  feet  10  inches  by  6  feet  4  inches, 848    " 

Contrctctors.  —  R.  A.  Halone  &  Son  of  Philadelphia,  Penn. 

Contractors*  Superintendent  (Tear  ending  Sept.  30,  2^P^.;~ Michael  Tallant. 

Contractors^  Principal  Foreman  (Tear  ending  Sept,  30,  J 893,)  —  James  Carroll. 


State  Assistant*  (Tear  ending  Sept.  30, 1893.) 

Inspectors :  Samuel  Coming,  Warren  A.  Rogers. 
Transitmen :  Principal  —  Paul  W.  Rowell. 

Assistants  —  Fred  Brett,  George  H.  Chase,  George  R.  Winslow. 


It 


Trench, 


Larger 
Size. 

Smaller 
Size. 

8,578.00 

848.00 

30.10 

20.70 

28.20 

26.20 

14.00 

9.70 

18.60 

9.00 

9.10 

6.40 

Length  completed,  feet,* 

Average  depth  of  excavation  to  bottom  of  nnderdrain,  feet. 

Greatest  depth  of  ezcavatlon  to  bottom  of  nnderdrain,  feet, 

Average  width  top  of  trench,  feet, 

Average  width  bottom  of  trench,  feet 

Volame  of  excavation  per  linear  foot,  cable  yards,       .... 

Approximate  cost  of  trench  per  linear  foot,  ineladlng  sheeting  left  In, 
excavation  and  refilling  below  masonry,  baokftlUng,  bonus  paid  to 
contractors  on  account  of  dykes,  etc., 


$17  00 


$10.00 


*  Excavation  for  bell-month  (Irregular  shape)  was  also  made. 


Character  of  Earth  Excavation.  —  Cross-sections  at  various  points  —  Beginning  of 
section,  at  Chelsea  line ;  three  feet  of  gravel  road-snrfadng,  peat  to  two  feet  below 
water  line  of  sewer,  where  firm  clay  is  encountered.  Where  sewer  leaves  Second 
Street:  mixed  sand  and  gravel  down  to  water  line  of  sewer,  where  clay  Is  encoun- 
tered. At  a  point  about  opposite  Bast  Everett  depot;  three  feet  of  peat  with  clay 
underneath.  The  last  seven  hundred  feet  of  the  trench  was  through  clay  overlaid 
with  eight  inches  of  loam. 

Masonry, 
Contract  price :  — 

Brick-work,  American  cement  mortar,  per  cubic  yard,       ....  $12  00 

Brick- work,  Portland  cement  morur,  per  cubic  yard,                                .  14  25 

Concrete,  American  cement  mortar,  per  cubic  yard, 5  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard 6  25 


Foundation. — The  clay  forming  the  bottom  of  the  treach  was 
excavated  to  fit  the  iDvert  of  the  sewer  for  a  distaoce  of  about  five 
hundred  feet  od  the  maish  between  the  large  railroad  culvert  and 
the  bell-mouth.  At  a  point  about  three  hundred  feet  easterly 
from  the  large  railroad  culvert  fine  running  sand  was  encountered 
near  the  bottom  of  the  sewer  at  the  water  line.  This  sand  was 
drained  from  both  ends  and  replaced  by  coarse  grarel  to  a  depth 
of  two  feet. 
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Miscellaneous,  —  The  sides  of  the  embankraeDt  at  the  two 
creeks  between  Everett  and  East  Everett  were  protected  by  rip- 
rap. The  crown  of  the  arch  comes  within  about  two  feet  of  the 
bottoms  of  the  creeks  where  the  sewer  passes  under  the  same. 
The  bottom  of  the  creek  near  the  large  railroad  culvert  was  paved 
with  blocks  set  in  Portland  cement.  The  bottoms  of  the  other 
creeks  were  refilled  witli  clay  to  their  original  lines.  The  crown 
of  the  brick  sewer  in  each  of  the  two  latter  cases  is  re-enforced 
with  one  foot  of  Portland  concrete.  An  embankment  to  a  fairly 
regular  height  of  about  two  feet  above  the  natural  surface  was 
built  over  the  sewer  on  the  marsh,  and  it  is  understood  to  conform 
to  the  wishes  of  the  land-owners. 


Section  17,  Everett. 

Location.—  From  tbe  junction  of  Broadway  and  Bow  Street,  through  private  lands, 
across  the  Eastern  and  Saugas  Branch  railroads,  tbrongh  Fleet,  Cross 
and  Williams  Streets,  and  along  the  Saugns  Branch  railroad  to  Waters 
Avenue,  thence  curving  to  the  left  and  through  marsh  lands  for  220 
feet  toward  the  Maiden  River. 
Diameters  of  sewers  and  length  of  each  sixe :  — 

0  feet  10  inches  by  6  feet  4  inches, 3,304  feet. 

4  feet  8  inches  by  5  feet  I  inch 225    ** 

Contractor.  —  Christy  McBride  of  Brighton,  Mass. 

Contractor' »  Superintendents  (Tear  ending  Sept.  30 ^  1893.)  —  Bernard  Devine,  Neil 

Devine. 
Contractor* t  Principal  Foreman.  —  Harry  De  Oraff. 

State  Assistants  (Tear  enditkg  Sept.  30, 1893.) 

Inspector :  George  A,  Chase. 

Transitmen:  Principals— Paul  W.  Rowell,  Fred  Brett. 

**  Assistants  —  George  F.  Chase,  George  R.  Winslow. 

Treruih. 
Length  completed, 3,642.00  feet. 


21.40  " 

32.1M)  •« 

9.30  " 

8.70  " 


Average  depth  of  excavation  to  bottom  of  nnderdraln. 
Greatest  depth  of  excavation  to  bottom  of  underdrain, 

Average  width  top  of  trench, 

Average  width  bottom  of  trench,      .... 
Cnbic  yards  excavation  per  linear  foot,  6.10. 

Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left  in,  excavation  and 
refilling  below  masonry,  backfilling,  etc.,  $7.00. 

Character  of  Earth  Bxcavation.  —  Through  three  feet  of  peat  to  firm  day,  except 
from  Wellington  Avenue  to  Norman  Street,  where  gravel  was  encountered. 

Masonry. 
Contract  price :  — 

Brick-work,  American  cement  mortar,  per  cnbic  yard,       ....  $13  60 

Brick-work,  Portland  cement  mortar,  per  cubic  yard,        .       .       .       •  1ft  00 

Concrete,  American  cement  mortar,  per  cubic  yard, 6  00 

Concrete,  Portland  cement  mortar,  per  cnbic  yard, 6  50 
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Diameters  of  underdrain  laid  and  length  of  each  size :  — 

4-ineb 232  feel. 

6-lnch, 92    *« 

S-inch 2,67«    " 

10-inch 800    " 

Approximate  cost  of  masonry  per  linear  foot,  inclading  underdrain,  etc,  $9.00. 

Length  of  masonrj  completed 3,542  feet. 

Masonry  begun,  Sept.  22, 1891 ;  finished,  Jan.  10, 1893. 
Approximate  cost  of  section  per  linear  foot  of  trench  and  masonry,  including  labor, 
material,  inspection,  and  miscellaneous  items,  $18.00. 

Note. — The  information  regarding  Section  17  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1893.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  third  and  fourth  annual  reports. 

EoDcavation.  —  Earth  was  removed  by  means  of  a  derrick. 
Operations  were  mainly  carried  on  from  an  opening  about  midway 
between  the  Eastern  and  Saugas  Branch  railroads,  from  which  the 
excavation  extended  to  the  foot  of  Fleet  Street,  a  distance  of 
about  eight  hundred  feet.  In  addition  to  this  about  fifty  feet  of 
trench  was  dug,  back  from  the  junction  with  Section  40,  near 
Waters  Avenue.  To  take  care  of  the  ground- water,  a  six-inch 
centrifugal  pump  was  used  near  Waters  Avenue,  a  hand  pump 
near  the  foot  of  Fleet  Street,  and  a  six-inch  centrifugal  pump  at 
Broadway  near  the  beginning  of  the  section.  It  is  estimated  that 
the  amount  of  water  pumped  per  twenty-four  hours  at  times  of 
maximum  pumping  was  400,000  gallons  at  opening  near  Waters 
Avenue,  and  150,000  gallons  at  the  opening  near  Broadway.  The 
weekly  progress  of  excavation  at  each  opening  was  about  forty- 
eight  feet,  and  the  work  was  pursued  without  shut-downs. 

Foundation.  —  The  bottom  of  the  trench  was  excavated  to  fit 
the  invert  of  the  sewer  for  the  entire  length  of  this  year's  work. 

Miscellaneous.  —  A  woman  in  a  house  near  Henderson  Avenue 
was  slightly  injured  by  a  piece  of  clay  which  went  through  the 
window  during  the  blasting  of  frozen  backfilling.  On  the  marsh 
an  embankment  was  built  over  the  sewer  to  a  height  of  about  two 
feet  above  the  natural  surface. 

Section  20,  Medford. 

Location,  ^  From  a  point  about  600  feet  east  of  the  Wellington  station,  through 
marsh,  crossing  the  Boston  &  Maine  railroad  to  Third  Street,  through 
this  street,  private  land.  Ship  Street  and  Riverside  Avenue  to  Park 
Street.  In  this  section  is  also  included  the  Edgeworth  branch,  whidi 
extends  through  Craddock  Avenue  and  the  projected  location  of  Pearl 
Street  to  a  point  in  Maiden  about  50  feet  north  of  the  Medfcrd  line. 
The  lower  end  of  the  section,  on  marsh,  adjoins  the  location  of  the 
proposed  sand-catcher  and  siphon  under  Maiden  River,  to  connect 
with  Section  17^. 
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II 


II 


Diameters  of  sewers,  and  length  of  each  sise:  — 

4  feet  8  inches  by  6  feet  1  inch  (main  line) 1*429  feet. 

4  feet  5  inches  by  4  feet  8  inches  (main  line), 6,218 

2  feet  (Edgeworth  l)ranch), 1.523 

Contractor,  —  John  Sheehan  of  Lynn,  Mass.    Mr.  Sbeehan  acted  as  his  own  Super- 
intendent. 

Contractor^t  Principal  Foreman  (Tear  ending  Sept.  30, 1 5P5j.  —  Michael  Bowles. 

State  Aetietanta  (Tear  ending  Sept.  30, 1893). 
Assistant  Engineer  and  Inspector :  John  S.  Hodgson. 


Trench, 


Edge- 
worth 
Branch. 


Length  completed,  feet, 

Average  depth  of  ezesTatlon  to  bottom  of  nnderdrain,  feet, 
Oreateat  depth  of  eicavatlon  to  bottom  of  nnderdrain,  feet. 

Average  width  top  of  trench,  feet, 

Average  width  bottom  of  trench,  feet, 

Volume  of  excavation  per  linear  foot,  cubic  yards,        .       .       .       . 
Approximate  coat  of  trench  per  linear  foot.  Including  sheeting  left  in, 
excavation  and  refllling  below  masonry,  baokfllUng,  etc., . 


7,«47.00 

18.60 

23.70 

7.86 

7.00 

4.70 

$4  00 


1,623.00 

18.80 

17.00 

6.76 

4.75 

2.60 

$2  00 


Character  of  Earth  Sxeavation. —Tht  greater  part  of  the  main  line  trench  was  in 
good  day  bottom,  with  sand  and  loam  above.  A  portion  of  the  remainder  of  the 
bottom  was  loamy  sand,  with  some  gravel,  and  boulders  in  places.  The  ground 
east  of  Boston  &  Maine  railroad,  was  silty  at  bottom,  with  wet  sand  and  marsh  mud 
above.  The  Edgeworth  branch  excavation  was  mainly  in  wet  sand,  with  clay  in 
places.    Marsh  mnd  was  encountered  at  the  apper  end  of  this  branch. 

Maaonry. 
Contract  price :  — 

Briclc-work,  American  cement  mortar,  per  cnbic  yard,       ....   $12  70 

Brick-work,  Portland  cement  mortar,  per  cubic  yard,         .       .       .       .     14  00 

Concrete,  American  cement  mortar,  per  cubic  yard 6  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 6  50 

Diameters  of  nnderdrain  laid  and  length  of  each  size :  — 

6-incb, 3,969  feet. 

8-inch, 4,393    ** 

10-inch, 846    " 

Approximate  cost  of  masonry  per  linear  foot  of  trench,  inclnding  nnderdrain,  etc. :  — 

Main  line, $7  00 

Edgeworth  branch, 8  00 

Length  completed,  main  line,  7,647  feet;  Edgeworth  branch,  1,523  feet,     9,170  feet. 

Masonry  begnn,  Oct.  28, 1891 ;  finished,  July  1,  1893. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry,  including 
labor,  material  and  inspection,  and  miscellaneous  items :  — 

Main  Une $11  00 

Edgeworth  branch, 6  00 

NoTB.  ~  The  information  regarding  Section  20  following  tMs  note  relates  solely  to 
the  year  ending  Sept.  30, 1893.  For  a  description  of  the  work  performed  prior  to  this 
year,  see  the  fourth  annual  report. 
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Excavation.  —  On  the  maio  line  the  digging  and  backfilling  was 
done  by  means  of  a  trench  machine.  This  year's  work  was  from 
Spring  Street  along  Riverside  Avenue  to  Park  Street,  a  distance 
of  about  two  thousand  and  thirty-nine  feet.  The  ground-water  at 
this  opening  was  handled  by  an  eighteen  horse-power  engine  and 
a  six-inch  centrifugal  pump.  The  ordinary  progress  per  week 
was  one  hundred  and  twenty  linear  feet.  There  were  two  openings 
on  the  Ekigeworth  branch,  and  the  trench  excavated  this  year  was 
from  near  First  Street,  across  the  railroad  and  creek,  to  a  point  in 
Maiden  about  fifty  feet  north  of  the  Medford  line,  a  distance  of 
about  one  thousand  and  twenty-one  feet.  The  above  mentioned 
pumping  apparatus  was  moved  to  this  work  and  was  used  in 
removing  the  ground-water.  The  ordinary  progress  of  excavation 
per  week  was  seventy  feet.  Hand  pumps  were  occasionally  used 
on  short  lengths  where  the  underdraln  was  omitted  or  became 
choked.  Work  ceased  for  a  month,  in  February  and  March,  1893, 
on  account  of  severe  weather. 

Foundation,  —  The  bottom  of  the  trench  was  chiefly  clay  and 
was  shaped  to  fit  the  invert  for  the  greater  part  of  the  main  line 
sewer  built  this  year,  the  exception  being  two  lengths  aggregating 
about  nine  hundred  and  eighteen  feet,  between  Foster's  Court  and 
Park  Street,  where  a  double  timber  cradle  was  employed.  Where 
much  ground-water  was  encountered  on  the  Edgeworth  branch 
double-timber  cradling  was  employed.  Elsewhere  a  concrete 
reinforcement  of  the  invert  was  used.  At  and  adjoining  the 
creek  crossing  on  the  Edgeworth  branch  a  length  of  two  hundred 
and  forty  feet  was  in  peat  and  silt.  This  was  removed  to  a  maxi- 
mum depth  of  seven  feet  in  order  to  reach  the  underlying  clay, 
and  was  refilled  with  gravel  and  broken  stone  Portland  concrete. 

Difficulties,  —  The  creek  forming  the  division  between  Maiden 
and  Medford  was  crossed  by  a  single  line  of  twenty-four  inch 
Akron  pipes,  jointed  in  Portland  cement  and  surrounded  by  broken 
stone  Portland  concrete.  The  sockets  of  these  pipes  are  three 
inches  below  the  bed  of  the  stream,  and  the  concrete  covering  on 
top  is  to  bed  level.  Coffer-dams  were  erected  to  exclude  the  tides. 
The  Edgeworth  branch  sewer  (surrounded  by  concrete)  crossed 
under  the  Medford  branch  of  the  Boston  &  Maine  railroad.  The 
railroad  train  service  was  not  interrupted.  The  Edgeworth  branch 
trench  was  sometimes  flooded  by  tides. 

Miscellaneous, — An  Italian  laborer  had  his  leg  broken  by  the 
pick  axe  of  another  workman,  on  Jan.  19,  1893.     The  following 
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city  structures  were  carried  over  the  Metropolitan  sewer:  An 
eight-inch  pipe  sewer  and  a  twelve-inch  storm-water  pipe  near 
Spring  Street  and  an  eight-inch  pipe  sewer  at  Lapham  Street,  all 
in  Eiverside  Avenue.  In  each  case  the  pipes  were  jointed  in  Port- 
land cement  and  laid  upon  a  concrete  wall,  two  feet  thick,  carried 
up  from  the  spnnging  of  the  arch.  On  Eiverside  Avenue  the  sur- 
plus earth  gained  was  chiefly  disposed  of  on  a  lot  owned  by  the 
Contractor.  On  the  Edgeworth  branch  almost  the  whole  of  the 
nominal  surplus  went  to  replace  sand  dug  from  the  trench  and 
used  along  the  whole  line  of  the  work  for  brick-work  and  con- 
crete. 

Section    21    (Minor    Contract   Work),    Medford  ;    Crossing 

Gravelly  Brook. 

Location,  ~  On  Riverside  Avenae,  across  Oravelly  Brook,  connecting  contract  work 
prerionsly  built. 

Length  of  work, about  M  feet. 

Diameters  of  sewers  and  length  of  each  size :  —                                 • 
4  feet  6  inches  by  4  Ibet  8  inches  masonry  sewer,         .       .       •       .  46    <* 

4  feet  6  inches  Iron  pipe, 8    ** 

Contractors  and  their  Superintendenis. 

William  H.  Lenox  of  Medford,  Mass.,  for  extra  work  on  culvert  and  placing  pipe. 
Mr.  Lenox  acted  as  his  own  saperintendent. 

A.  W.  Bryne  of  Somerville,  Mass.,  for  masonry  at  ends  of  pipe  through  walls  of  cul- 
vert, and  for  sewer  connecting  pipe  crossing  Gravelly  Brook  with  the  ends  of  the 
gap  —  A.  E.  Weaving  being  superintendent. 

StcUe  Assistants, 

Assistant  Engineer :  Edmund  S.  Davis. 
Inspector :  Hadson  B.  Damon. 
Transitman :  Assistant  —  Burton  A.  Clark. 

CtUvertt  and  Pipe. 

Cost  of  extra  work  on  culvert ;  pipe,  etc. :  —  91,124. 
Pipe  laying  and  brick-work  at  ends  of  pipe  finished  Feb.  24, 1893. 
Masonry  of  culvert  finished  April,  1893. 

Trench  and  Masonry. 

(Each  side  of  Culvert  to  connect  with  Contract  Work.) 
Coet  of  work,  including  excavation,  concrete  and  brick  masonry,  pumping,  re- 
filling, $831. 
Work  begun,  July  10, 1893;  finished,  July  28, 1893. 

The  City  of  Medford  under  a  contract  with  Wm.  H.  Lenox  of 
Medford  rebuilt  the  Gravelly  Brook  culvert  in  Eiverside  Avenue 
daring  the  winter  of  1892-1893,  and  arrangements  were  made 
Dec.  19, 1892,  by  the  Board  with  Mr.  Lenox  and  the  City  of  Med- 
ford by  which  the  above  described  iron  pipe  was  placed  across  the 
stream,  the  ends  being  surrounded  by  masonry  in  the  walls  of  the 
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culvert.  The  bottom  of  the  culvert  as  oow  built  passes  by  a 
reversed  curve  under  the  pipe.  The  top  of  the  culvert  was  raised 
one  and  three-fourths  feet  higher  over  the  pipe.  The  natural 
flow  of  Gravelly  Brook  at  the  lower  stages  of  the  tide  is  under 
the  pipe.  At  higher  stages  of  the  tide  it  can  pass  both  over 
and  under.  For  a  foundation  for  the  culvert,  piles  were  driven 
in  bents  four  feet  apart,  on  which  were  placed  twelve- inch  by 
twelve-inch  wooden  caps  and  a  wooden  platform  six  inches  in 
thickness  over  which  concrete  one  foot  in  thickness  was  laid. 
The  walls  of  the  culvert  are  of  rubble  masonry  six  feet  thick  at 
the  bottom  and  two  feet  thick  at  the  top,  laid  in  cement.  The  top 
of  the  culvert  is  covered  with  split  granite  eighteen  inches  thick. 
About  three  and  one-half  feet  of  the  brick  sewer  was  built  through 
the  walls  of  the  culvert  at  each  end  of  the  pipe  and  the  ends  of  the 
pipe  surrounded  with  brick  masonry.  In  excavating  for  the  thirty- 
nine  feet  of  the  gap  remaining  (a  portion  on  each  side  of  the  cul- 
vert) ,  from  two  to  three  feet  of  peat  was  found  below  the  grade 
of  the  Sewer.  This  peat  was  removed  and  a  concrete  foundation 
put  in. 

Section  21  (Dat  Work),  Medford;   Crossing  Creek  East  of 

WiNTHROP  Street. 

LocaHon.  —  Adjoining  and  eaaterlj  from  Winthrop  Street,  at  creek ;  conoectiog  eon- 
tract  work  prevloasly  built. 
Length  of  work» 181  fteC. 

Strueturiu. 

4  feet  3  inches  by  4  fbet  6  inches  masonry  sewer, 171.25  feet. 

Overflow  and  gate-chambers  by  the  side  of  the  above. 

4  foot  iron  pipe, 9.75    « 

Asnstants, 

Assistant  Eni^ineer :  Edmund  S.  Davis. 

Foremen :  Charles  O.  Craib,  James  £.  Carter,  Patrick  McCarthy. 

Transitman:  Assistant  — Burton  A.  Clark. 

Cost  Data. 

Pipe  and  sleeves,  delivered  In  Medford,  excavation,  masonry,  etc.,  $11,220. 
Work  begnn,  April  5, 1893;  finished,  Sept.  7, 1893. 

The  sewer  passes  over  the  creek  in  an  iron  pipe  between  two 
side  walls  of  coursed  granite.  The  natural  flow  of  the  stream 
at  the  lower  stages  of  the  tide  is  under  the  pipe.  At  higher  stages 
of  the  tide  it  can  pass  both  over  and  under.  The  bed  of  the 
stream  is  paved  with  granite  blocks  laid  in  a  bed  of  concrete. 
Cast  iron  sleeves  are  so  arranged  in  the  side  walls  that  the  pipe 
can  be  taken  out  if  necessary  and  renewed  without  disturbing 
the  masonry.     An  overflow  is  arranged  on  the  southerly  side  of 
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the  sewer  at  this  point,  with  double  tide  gates.  Stop-plank  man- 
holes are  provided  for  across  the  sewer  just  east  of  the  overflow, 
and  also,  across  the  overflow  in  the  southerly  side  of  the  sewer. 
The  coarse  of  the  stream  was  temporarily  changed  to  allow  of  this 
construction.  The  trench  for  the  sewer  between  the  overflow  and 
Winthrop  Street  was  excavated  from  one  and  one-half  to  two 
feet  below  grade  to  remove  all  peat.  Concrete  was  used  to  refill 
to  the  bottom  of  the  standard  section  of  the  sewer.  The  masonry 
work  was  finished  Aug.  10,  1893,  since  which  time  an  embank- 
ment of  earth  four  feet  over  the  crown  of  the  arch,  six  feet  wide 
on  top,  with  side  slopes  of  two  to  one,  has  been  built  and  a  por- 
tion of  the  northerly  slope  about  fifty  feet  long,  next  to  the  creek 
east  of  Winthrop  Street,  has  been  protected  by  rip-rap  or  rough 
slope  paving.  About  twenty  feet  of  the  embankment  on  each 
side  of  the  culvert  has  also  been  protected  by  hand-laid  rip-rap. 


Section  22,  West  Medford. 

Location. — Throng h  Canal  Street,  from  Its  jnnction  with  Prescott  Street,  across 
High  Street  and  through  Warren  Street,  crossing  a  brook  near  Irving 
Street,  thence  crossing  private  lands,  Irving  Street  and  private  lands 
again  and  along  the  easterly  side  of  the  Boston  &  Lowell  railroad, 
across  Grove  Street  to  a  point  aboat  1,200  feet  north  of  Grove  Street, 
thence  across  the  railroad  and  private  land  to  near  the  Mystic  dam. 

Diameters  of  sewers  and  length  of  each  sixe :  — 

3  feet  4  Inches  by  3  feet  6  inches,  including  bell-month  at  Alewlfe 

Brook  branch, 6,033  feet. 

2  feet  10  hiches  by  3  feet  (Alewife  Brook  Branch  to  Su.  0  +  22) ,      .  18    " 

4  feet  3  inches  by  4  feet  6  inches  (extension  of  Section  21  to  bell-mouth 

near  beginning  of  Section  22), 6    *< 

Contraetor,  —  Andrew  W.  Bryne  of  Somerville,  Mass.    Mr.  Bryne  has  acted  as  his 
own  superintendent. 


Slate  Assistants  (Tear  ending  Sept.  30, 1893.) 

Assistant  Engineer :  Edmund  S.  Davis. 

Inspectors :  Henry  M.  Woodward,  Hadson  B.  Damon. 

Transltman :  Burton  A.  Clark. 

Trench  and  Tunnel. 

Length  completed  of  trench  excavation, 4,769.00  ftet. 

Length  completed  of  tunnel  excavation 559.00    *< 

Average  depth  of  trench  excavation  to  bottom  of  underdrain,        .       .  23.00    ** 
Greatest  depth  of  trench  excavation  to  bottom  of  underdrain,       .       .81.00 

Average  width  top  of  trench, 8.00 

Average  width  bottom  of  trench, 6.33 

Average  depth  Arom  surface  of  ground  to  bottom  of  tunnel  underdrain,  28.00 

Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel  underdrain,  42.00    *' 

Average  width  of  tunnel, 5UK)    *< 

Cubic  yards  trench  excavation  per  linear  foot 6.06    '* 

Cubic  yards  tunnel  excavation  per  linear  foot, 1.25    " 


«« 
t< 
<< 


•9.00. 
Charaeltr  of  Earth  Excm}aiion.  —  SxaA  mi  gnTSl  Demr  the  lurftLM;  tsit  Bb« 
nianing  laod  In  lower  part  oftba  tnncb,  and  In  tome  pUcei  tbli  li  mixed  with  Okj. 
Six  percenboraMDipleof  tbiiflnsModwuretalDedln  a ilere baring 32,400 meilKt 
to  the  iquare  Inch. 

ilatottrj/. 
Contract  pries :  — 

BrIck-work,  Amnican  cement  mortar,  per  cable  yard %\im 

Brick-work,  Portland  cement  mortar,  per  cable  yard Id  DO 

Concrete,  American  cement  moitar,  per  cable  ;ard S  OS 

Concrete,  Portland  cement  mortar,  per  cubic  7Brd 7  00 

DIameuri  of  nnderdrala  laid,  and  lengtb  of  ekch  *lze:  — 

6-lncb 1.171  feet. 

8-lncb S.220   " 

lO-inch 224   " 

Approximate  eo*t  ot  maaoorj  to  date  (September  30)  per  linear  Foot  or  trench  and 
tunnel,  Inclndlng  underdraln,  eU.,  VS-OO. 

Lengtb  completed,  trench 4,178  feet. 

I«nglh  completed,  tnnne) 400   " 

Maaonr;  wai  began  In  trench,  March  24, 1892,  and  \t  now  {September  30)  In  prog- 
Concrete  maionry  wai  began  In  tunnel  March  8,  and  bilck  maaonrf  March  II, 
1893;  and  li  now  (September  30)  in  progreli. 

Approximate  coet  of  aectlon  to  dale  (September  30)  per  linear  foot  of  excaiatloo 

and  matonr;,  tnclading  labor,  material,  Inapectlon,  and  mlacellaneoni  Item), 

$16.00. 

Nora.  —  The  Information  regarding  Section  22  following  thli  note  relatei  noleljr  le 

the  jear  ending  Sept.  30, 1893.    For  a  deicrlptlon  of  the  work  prertormed  prior  to 

(hit  jear,  see  the  fourth  annnal  report. 

Excavaiion  and  Tunnel  Methods.  —  A  trencb  macliiDe  and  an 
"A  frame"  derrick  have  been  used.  Operations  liave  been 
carried  on  from  two  openings.  The  flrat  of  these,  a  continuation 
from  last  year's  work,  extended  northerly  from  a.  point  about  eight 
hundred  feet  north  of  the  West  Medford  Station  for  a  distance  of 
about  one  thousand  six  hundred  and  twenty  feet,  crossing  beneath 
three  small  brooks.  The  second  opening  was  begun  Jan.  30, 
1893,  near  the  northerly  end  of  the  section,  west  of  the  Boston 
&  Lowell  railroad,  and  operations  from  it  have  now  covered 
a  distance  of  about  one  thousand  five  hundred  and  forty-tbree 
feet  to  Grove  Street  Bridge.  A  tannel  was  begun  at  a  shaft  atuut 
one  hundred  Feet  west  of  the  Boston  &  Lowell  Railroad.  Headings 
have  proceeded  from  this  shaft  as  follows :  One  westerly  to  the 
upper  end  of  the  section ;  the  other  easterly,  crossing  under  the 
railroad  tracks  and  around  the  curve  of  forty  feet  radius  east  of 
the  track,  to  the  portion  of  the  line  which  runs  parallel  with  and 
on  the  easterly  side  of  the  railroad.  The  length  of  this  tunnel, 
iocludiog  both  headings,  was  three  hundred  and  sixty-four  feet 
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A  second  tunnel  was  from  a  point  one  hundred  and  nineteeen  feet 
southerly  from  the  easterly  end  of  the  one  just  described,  and  ran 
southerly,  parallel  with  the  railroad,  for  a  distance  of  thirty-six 
feet.  The  third  tunnel,  the  one  on  which  work  is  being  done  at 
the  present  time,  September  30,  is  from  a  point  about  one  hundred 
feet  north  of  Grove  Street  Bridge,  running  southerly  to  pass  under 
the  easterly  abutment  of  the  bridge.  The  operations  have  now 
progressed  for  a  distance  of  one  hundred  and  fifty-nine  feet.  The 
timbera  used  for  legs  and  caps  in  these  tunnels  were  eight-inch  by 
eight-inch  spruce,  in  sets  about  five  feet  apart.  Two-inch  spruce 
plank  have  been  used  for  the  lagging,  excepting  under  the  Grove 
Street  Bridge,  where  three-inch  plank  have  been  used  for  the  over- 
head lagging.  The  portion  of  the  tunnel  under  the  railroad  was 
backfilled  with  concrete  over  the  arch  of  the  sewer.  In  other  places 
the  sewer  tunnel  arch  was  backfilled  with  earth.  For  pumping 
ground-water  there  have  been  a  six-inch  centrifugal  pump,  a  three- 
inch  Knowles  pump  and  a  No.  5  pulsometer,  used  at  pump  wells 
and  sumps  along  the  line  as  needed.  It  is  e8timat.ed  that  the 
maximum  amount  of  pumping  done  In  any  twenty-four  hours  was 
500,000  gallons.  The  average  progress  of  excavation  per  week  at 
each  opening  has  been  about  forty-eight  feet,  but  where  everything 
has  been  favorable  about  sixty- four  feet  has  been  made.  On  the 
lower  opening  a  derrick  frame  was  used  at  first.  There  was  a 
shut-down  which  lasted  three  months.  When  work  was  resumed 
it  was  with  the  trench  machine,  taken  from  the  upper  opening 
where  work  was  then  proceeded  with  by  tunnelling. 

Foundation,  A  very  fine  running  sand  with  some  clay  is  met 
along  the  easterly  side  of  the  railroad  in  the  lower  part  of  the 
trench.  For  most  of  this  trench  the  bottom  of  the  excavation  has 
been  carried  down  below  the  bottom  of  the  masonry  and  refilled 
with  gravel,  this  lower  excavation  being  generally  to  a  depth  of  six 
inches. 

Accidents.  —  Last  November,  while  Carl  Taylor  was  laying  under- 
drain,  he  was  struck  and  had  several  of  his  ribs  broken  by  a  falling 
bucket  which  had  been  unhooked  by  a  plank  placed  in  its  way 
across  the  ti'ench.  July  15,  just  after  working  hours,  a  young 
man  employed  as  a  plank  driver,  was  stinick  and  killed  by  a  train 
as  he  was  crossing  the  railroad  track  opposite  the  trench  above 
Grove  Street.  There  were  also  several  minor  accidents  during  the 
year. 


BECTtON   23,   EVEEBTT. 

Location.  — From  apolntoatbt  in*rab  about  I, ISO  feel  norlta-eutarlj  fVom  Beuhun 

Street,  lOQtherlr  thronKh  marsb  Isnda,  and  A«hl>ad,  BMcbam  and 
Bow  Btraeta  to  Lytide  Sinet. 

Length  of  Mctlon 2,268  tttU 

Diameter  of  sever :  — 

0  feet  by  6  reel  B  Incbes. 
Cmtraelon.  —  R.  A.  Malone  &  Soni  of  Philadelphia,  PeDD. 
ConiToeion'  Svptrinlrndtat  (Tear  endiju/  Stpt.  30, 1893.)—  Ulchael  Tallaal. 
Contraetori'  Principal  Foranan  (Tear  ending  Sept.  30,  ISeS.J  — Donnta  Hajei. 

Siait  AiiitlanU  (Tear  ending  Sept.  30, 1893.) 
Inipectort ;  WiTran  A.  Kogen,  GeoTjK  A.  Cbote,  Samoel  Comfug,  HadioB  B. 

Damon. 
Tranaltmen ;  Principal  —  Paul  W.  Roirell. 

"  Anlatanti  —  Kred  Brett,  George  F.  Cbaie,  Oeorge  R.  Wlailo*. 

Trench. 

Length  compleied, 2,268  00  fwl. 

Average  depth  ofexcavatlon  CO  bottom  of  onderilnlii 23.30   " 

Oreateit  depth  of  excavation  to  bottom  of  nnderdraln 34.M   " 

ATerage  width  top  of  trench 10.S0   " 

Aien^  widlb  bottom  of  trench ,        .       O.iO    " 

Cubic  yards  ezca«alion  per  linear  foot,  S.50. 

Approximate  coat  of  trencb  per  linear  foot,  Including  iheeting  left  Id,  excavation  and 

retllllng  below  maaonry,  backQIlIng,  etc.,  |9.00. 

Character  of  Excavation — FIret  one  tboaaand  feet  of  Hction  (acrosa  minb),3 
feet  of  peal  al  aorface.  underlaid  with  dnn  ctay ;  Ihrongb  Aibland  Street,  1  (bat  ot 
loam  underlaid  with  claj  :  through  Beacbam  Street  and  aboal  100  feet  in  Bow  Street, 
2  feet  of  gravel  road  aurfacinK,  H  fMi  ot  aandy  clay,  underlaid  with  Ann  clay:  Ibence 
to  Tbomdike  Street,  material  below  2  feet  of  road  tnrtaciug  waa  aand  except  frooi 
Courtlaud  to  Thomdllie  Street,  where  rocb  averaging  6  feet  deep  waa  encountered  in 
the  bottom.    The  remainder  ot  aectlon  waa  maiDly  ctay  below  two  feel  of  road 

Maiomy. 

Contract  price ;  — 

Bricli-woric,  American  cement  mortar,  per  cable  yard f  12  OO 

Brick-work,  Portland  cement  mortar,  per  cubic  yard 13  7i 

Concrete,  American  cement  moriar,  per  cubic  yard ili 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 7  00 

Dlameiera  of  anderdraln  laid,  and  length  of  each  alie :  — 

8-lncb - 2,207  ftec 

10-lneh 60   " 

Approxlmaie  coat  of  maaoniy  per  linear  foot,  Including  nnderdraln,  etc.,  f9.00. 

Length  completed 2,268  ttiU 

Maaonry  begun.  Oct.  16.  1891;  flnlihed,  March  32,  1803. 

Approximate  coat  ot  aectlon  per  linear  foot  ot  trench  and  maaonry,  laclndlDg  labor, 
material  and  inapectloa,  and  mlacetlaneoBt  Items,  C20.00. 
Note.  —  The  [nronnation  regarding  Section  23  following  this  note  relal«a  eolely  to 

the  year  endlns  Sept.  30, 1893.    For  a  description  of  the  werk  performed  prior  to  tbl* 

year,  aee  the  fourth  annual  report. 

Excavation.  —  Excavated  material  was  handled  by  means  of  a 
derrick,  from  a  point  oa  Bow  Street  half  way  between  Cf^urtland 
aad  Thoradike  Streets  to  the  eod  of  the  section  at  Lynde  Street,  a 
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distance  of  about 
pumped  by  a  four-ii 
near  Beacham  Stree 
Ljnde  Street.  It  is 
of  their  greatest  use 
quantities  of  one  h 
gallons  of  water.  1 
feet.  Work  ceased 
bad  weather,  inabilit 

Foundation.  —  Ro 
all  except  the  last  od 
one  hundred  and  fift 
sand  and  gravel,  and 
inches  below  the  brie 

Miscellaneous,  —  F 
Bow  Street  a  twelve-i 
of  trench  and  causec 
embankment  was  bull 
about  one  foot  from 
earth  was  left  on  the  1 

Section  2 

LoeoHon.  —  From  the  end  o 
the  caaseway 
ander  Mystic 
bridge,  to  Tal 
Length  of  section, 
IHameters  of  sewers  and  leni 
6  feet  by  6  feet  8  Inches  fro 
Length  for  Paroplng  Statlo 
5  feet  drcalar  (Siphon), 


Superintendent  of  tnnnel  : 

Forenaen :  Henry  Hertz,  i 

Transitmen :  Principals-  1 

**  Assistants-  '. 


Length  completed,  September 
Average  depth  below  floor  of . 
Greatest  depth  below  floor  of 

(Samp),  •       •       •       . 
Average  width  of  excavation, 
Cubic  yards  excavation  per  lis 


Approximate  cost  of  tunnel   ! 
induding  superintendence,  p  i 
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CharaeUr  of  Earth  Excavation,  ^V^pw  eleyen  feet  of  shaft  in  Taft'i  mill  pond, 
miscellaneous  filling  partiallj  decomposed ;  next  ten  feet,  sand ;  balance  <^  shafts 
clay,  grarel  and  small  stones.  Tunnel  excavation  thns  far :  mainlj  pore  elaj  with 
occasional  thin  strata  of  sand,  and  small  stones. 

Briiik  Matonry. 

Volame  of  brick-work,  Portland  cement  mortar,  per  linear  foot,  .      0.815  cab.  yda. 

Approximate  cost  of  brick-work  per  linear  foot,  9^6.00. 

Length  of  masonry  completed, 426  feet. 

Masonry  was  began,  July  3, 1893,  and  is  now  (September  30)  in  progreas  ander 
Mystic  RiTcr. 
Approximate  cost  of  tnnnel  per  linear  foot  of  excaration  and  maaonry  to  date 

(September -30),  $48.00. 

Construction.  —  The  plant  for  the  work  has  consisted  of  one 
vertical  air-lock,  used  in  sinking  shaft ;  one  horizontal  air-lock  for 
driving  tunnel;  one  IngersoU  air  compressor,  sixteen  inches  by 
twenty-four  inches,  capacity  at  ninety  revolutions  —  three  hun- 
dred and  fifty  cubic  feet  of  air  per  minute;  one  IngersoU  air 
compressor,  eighteen  inches  by  twenty  inches,  capacity  at  ninety 
revolutions  —  three  hundred  and  seventy-five  cubic  feet  of  air  per 
minute ;  one  air  receiver ;  three  vertical  boilers,  forty-five  inches 
by  one  hundred  and  eight  inches;  one  Lidgerwood  hoister,  six 
inches  by  eight  inches;  one  Harrisburg  *^ Ideal"  engine;  one 
Westinghouse  dynamo,  capacity  sixty-six  incandescent  electric 
lights ;  and  one  No.  5  pulsometer.  Ground  was  broken  for  the 
shaft  April  22, 1893,  at  a  point  about  fifty  feet  from  Mystic  River  at 
the  southerly  end  of  Maiden  Bridge.  A  shaft  twenty-four  feet  by 
twenty-six  feet  was  excavated  to  a  depth  of  twenty-eight  feet, 
through  filling,  coarse  sand,  and  about  two  feet  into  good  clay. 
Inside  of  this  another  shaft  was  built,  size  eight  feet  by  ten  feet, 
and  the  space  between  the  two  was  filled  with  well  tempered 
clay.  The  smaller  shaft  was  then  carried  down  to  a  depth  of  forty* 
nine  feet.  In  carrying  the  smaller  shaft  down,  water  appeared  in 
large  quantities  at  a  depth  of  thirty-four  feet;  there  apparently 
being  at  this  depth  a  vein  of  open  material  which  had  connection 
with  the  water  in  the  mill-pond.  This  water  brought  with  it 
sulphuretted  hydrogen,  driving  the  men  out  of  the  shaft  about 
every  hour.  They  were  usually  able  to  work  in  the  shaft  but  three 
hours  in  a  shift  of  twelve.  To  alleviate  this,  a  three-inch  pipe  was 
connected  to  the  air  compressora,  and  a  volume  of  fresh  air  forced 
into  the  shaft.  At  1.20  a.m.,  June  6,  a  pocket  of  carbonic  acid 
gas  was  opened,  and  the  gas  flowing  into  the  trench,  killed  two 
men  almost  instantly,  and  overcame  the  foreman  who  went  to  their 
assistance.  The  foreman  recovered  in  a  day  or  two.  The  com- 
pressor was  running  at  the  time,  and  it  is  estimated  that  between 
seven  hundred  and  eight  hundi'ed  cubic  feet  of  air  was  pumped 


a  cut-off  to  th«  CBCaping  air. 

An  extra  pajmeut  for  rapid  progress  was  made,  similar  to  that 
alluded  to  id  the  description  of  Section  10. 

The  air  pressure  used  has  varied  from  tbirteeu  pouuds  per  square 
inch  above  the  atmosphere  at  low  tide  to  eighteen  pounds  at  high 
tide. 

The  air  pumped  has  been  approximately  as  followa :  — 

Maz1iiiaii]ln24boni 680,000  cnb.  fW. 

Hlnimam  "       "  160,000     '■      " 

AT«nge     ••       »  300,000    •'     " 

The  excavated  material  is  used  to  fill  Toft's  Mill  Pond. 


Section  26  (Contract  Work),  Charlestows  awd  Souerville. 

Lctaiion.  ~  From  %  point  In  Tnft'i  mill  pond,  abooi  3E0  te«t  loDth-wnterl]'  (rom 
Arlington  ATcnne  ind  abont  40  feet  eut  of  Alford  Street,  through  tbs 
propoied  Chirle«(own  plargTonni],  wtoh  Main  Street,  thron^b  L'lm- 
biidge  Sliest  to  the  tracki  of  the  Boitoo  &  Malna  railroad,  and  nnder 
Ibem  to  Roland  R treat,  through  Roland  Street  and  the  McLean  Aaylnm 
groaadi  to  the  Mjitlc  Branch  railroad. 
Dlamelen  of  aewere  and  length  of  each  liie:  — 

e  tMt  fi  lochei  b7  7  feel  2  Inrhea, (30  feet. 

IS  feet  9  Inchsi  by  6  fbet  6  Incbei 3,220    " 

Owi*rorti>r.— H.  P.  Nawn  of  Roxboiy,  Haw. 

Cantraclor'i  Superintindent  (  Tear  ending  Sipt.  30, 16S3.J  —  iuott  D.  Fallon. 
Conlraetor't  Principal  Formtm  (Tmr  mding  5«p(.  30,  1693.J  —  JtlBf  Cook, 
Fatrtck  Folej. 

Slate  AttiitanU  (Year  tnditig  Sept.  30, 1893  J 
Aitlitant  EogltKor:  Frank  I.  Capen. 
InipeclOT*:  Edward  A.  Clarh,  Henrj'  M.  Woodward,  Samnel  F.  HcKeniii, 

James  B.  Cojne,  Jamei  J.  Conwar,  Michael  F.  Gam. 
Trantltmeo:  Prlnclpal«  —  C.  Barton  Fratt,Wm.  W.  Lewis,  Frank  C.  Sfaepbeid. 
-R.  LeFranda,  Wm.  M.  Stodder,  Daniel  J.  Snlllran, 
Harry  L.  Ward. 

Trench  and  Ttmiul. 


loelndlDB 

48  r»t 

4sl 

Larter 

Baw.r. 

SnuUar 
8sw«r. 

L«  lib           !  led    ti      (h             U       I    1 

ITMM 

Mt.M 
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Trench  and  Tunnel  —  Concladed. 


Inelnding 
48  feet 
of  the 

Larger 
Bewer. 

Larger 
Bewer. 

Smaller 
Bewer. 

ATerage  width  bottom  of  trench,  feet, 

8.00 

_ 

„ 

Average  depth  from  earface  of  ground  to  bottom  of  tunnel 

nnderdraln,  feet, 

- 

84.30 

28.80 

Oreateat  depth  from  rarfaoe  of  ground  to  bottom  of  tunnel 

underdraln,  feet, 

- 

36.00 

82.80 

Average  width  of  tunnel,  feet 

- 

10.00 

0.00 

Volume  of  trench  excavation  per  linear  foot,  cubic  yarde. 

7.6 

- 

- 

Volume  of  tunnel  excavation  per  linear  foot,  cubic  yards. 

- 

8.7 

2.5 

Approximate  coat  of  trench  per  linear  foot.  Including  eheet* 

ing  left  in,  excavation  and  refilling  below  masonry,  back- 

filling,  etc., 

$11  00 

- 

- 

Approximate  coat  of  tunnel  excavation  per  linear  foot,  includ- 

ing excavation  and  refilling  below  maaonry,  eheetlng  left 

in,  backfilling,  etc., 

- 

$14  00 

$11  00 

Character  of  Earth  Excavation,  —  For  150  feet  In  tunnel,  clay;  next  1,000  feet, 
Terj  hard  mixtare  of  sand  and  gravel ;  next  SOO  feet,  sand  and  gravel  down  to 
springing  line,  with  sandy  clay  below ;  next  200  feet,  sand  and  graTel  with  slate  rock 
in  the  bottom ;  remaioing  2,100  feet,  Tein  of  fine  sand  on  top  abont  three  feet  deep, 
with  clay  below. 


Ma$<mry, 

Contract  price :  — 
Brick-work,  American  cement  mortar,  per  cnbic  yard,       ....   $12  26 
Brick-work,  Portland  cement  mortar,  per  cable  yard,        •       •       •       .      14  00 

Concrete,  American  cement  mortar,  per  cnbic  yard, 6  00 

Concrete,  Portland  cement  mortar,  per  cubic  jard,     .       •       .       •       •       6  00 

Diameters  of  nnderdrain  laid,  and  length  of  each  size: — 

4-Inch, 66  feet. 

fi-incb, 2,102    «< 

S-inch, 1,034    «• 

lO-lncb, 638    « 

Approximate  cost  of  masonry  per  linear  foot,  including  nnderdrain,  etc. :  — 

Trench, $8  00 

Tunnel  (larger  sewer), 14  00 

Tunnel  (smaller  sewer), 10  00 

Length  of  masonrj  completed :  — 

Trench, 1,674  feet. 

Tunnel  (larger  sewer), 482    « 

Tunnel  (smaller  sewer), 1,646    ** 

Masonry  begun  in  trench,  May  4, 1892;  finished,  March  23, 1893. 
Masonry  begun  in  tunnel,  June  1, 1892;  finished,  April  11, 1893. 

Approximate  cost  of  section  per  linear  foot  of  excaTation  and  masonry,  including 
labor,  material,  inspection,  and  miscellaneous  items,  $23.00. 

NoTB.  —  The  Information  regarding  Section  26  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1893.  For  a  description  of  the  work  performed  prior  to 
this  year,  see  the  fourth  annual  report. 
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Excavation.  —  Operations  have  been  carried  on  from  five  open- 
ings, one  open  cut  and  four  tunnel  shafts.  The  open  cut  was 
continued  from  last  year's  work  for  a  distance  of  eleven  hundred 
feet,  by  means  of  a  trench  machine.  The  ordinary  progress  per 
week  was  about  sixty-four  feet.  During  the  months  of  January 
and  February  no  work  was  done  in  the  trench  for  a  week  or  so  at 
a  time.  A  No.  5  pulsometer  was  used  from  a  pump  well  in  this 
trench,  and  its  estimated  maximum  work  in  any  twenty-four  hours 
was  125,000  gallons.  The  tunnel  work  proceeded  as  follows: 
Drifting  was  continued  from  the  shaft  near  Spice  Street  toward 
the  Eastern  railroad  until  about  November  1 ,  wheu  it  was  aban- 
doned and  work  was  continued  from  a  shaft  on  the  northerly  side 
of  the  railroad  until  the  headings  met  Dec.  22.  A  shaft  was 
started  October  3  near  the  corner  of  Cutter  &  Cutter's  trunk 
factory  on  the  southerly  side  of  the  railroad,  from  which  headings 
progressed  in  both  directions.  The  'headings  met  under  the  rail- 
road January  26.  A  heading  was  started  opposite  the  works  of 
the  Crosby  Steam  Gauge  &  Valve  Co.  on  February  24,  and  on 
March  13  met  the  one  from  the  preceding  shaft.  A  boom  derrick 
was  used  at  each  tunnel  shaft.  The  total  extent  of  the  tunnel 
work  this  year  was  one  thousand  and  fifty-seven  feet.  The 
ordinary  progress  per  week  was  about  twelve  feet  in  each  heading, 
and  the  work  proceeded  without  cessation.  A  five-inch  Knowles 
pump  was  employed  at  each  tunnel  shaft.  The  estimated  maximum 
amount  of  pumping  done  from  the  tunnel  in  any  twenty-four  hours 
was  60,000  gallons. 

Foundation.  —  The  bottom  of  the  trench  was  excavated  to  fit 
the  bottom  of  the  sewer  for  nearly  all  the  way  through  Roland 
Street  and  across  the  Asylum  grounds.  The  foundation  was  also 
made  in  this  way  in  Cambridge  Street  and  for  about  two  hundred 
feet  of  the  distance  under  the  Boston  &  Maine  railroad  tracks. 

Miscellaneous.  —  The  entire  backfilling  over  the  sewer  tunnel 
under  the  Boston  &  Maine  railroad  was  done  with  Portland 
concrete.  The  backfilling  of  the  open  cut  was  done  with  clay,  — 
the  material  excavated.  All  surplus  earth  as  far  as  the  railroad 
crossing  on  Cambridge  Street  was  deposited  as  filling  in  Tuft's 
Mill  Pond.  That  from  the  railroad  to  the  McLean  Asylum 
grounds  was  placed  on  adjoining  land.  Through  the  Asylum 
grounds  it  was  left  within  the  taking  lines. 
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Part  of  Sections  26  and  27  (Day  Work),  Sohervillb. 

JLo€€Uion,  —  From  the  easterlj  tide  of,  and  aeroas,  the  Mystic  Branch  railroad, 

through  the  McLean  Asylum  grounds,  under  the  Boston  &  Lowell 
railroad  and  priTate  land  to  the  comer  of  Joy  and  Poplar  Streets. 

Length  of  section, 960  feet. 

I>iameters  of  sewer :  — 

6  feet  9  inches  by  6  feet  6  inches. 

Assistants  (Tear  ending  Sept.  30, 1893.) 

Assistant  Engineer :  Frank  I.  Capen. 
Foremen :  Patrick  McCarthy,  George  F.  Qreenlaw. 

Transitmen:  Principals  —C.  Barton  Pratt,  Wm.  W.  Lewis,  Frank  C.  Shepherd. 
"  Assistants  —  Harry  L.  Ward,  Daniel  J.  Sullivan,  Wm.  M.  Stodder. 

Tunnel  Bxeavation, 

Length  completed, 990.00  feet. 

ATerage  depth  from  surface  of  ground  to  bottom  of  underdrain,    .       .  85.00    " 

Greatest  depth  from  surface  of  gronnd>to  bottom  of  underdrain,    .       •  88.00    ** 

ATerage  width  of  tunnel, 7.50    " 

Cable  yards  excavation  per  linear  foot,  2.00. 
Approximate  cost  of  excavation  per  linear  foot,  $13.00. 

Character  of  Bxcavation,  —  Mainly  slate  and  indurated  clay.  About  225  feet  under 
and  on  each  side  of  Boston  &  Maine  railroad  was  rock,  hard  enough  to  stand  with- 
out much  timbering.  Timber  was  constantly  required  the  rest  of  way.  Blasting 
was  necessary  from  Mystic  Branch  railroad  to  Asylum  Avenue. 

Masonry, 

Length  of  4-inch  diameter  underdrain  laid, 950  feet. 

Length  of  masonry  completed, 950    ** 

Approximate  cost  of  masonry  per  linear  foot,  $8.00. 

Masonry  begun,  April  8, 1892;  finished,  March  7, 1893. 
Approximate  cost  of  this  work  per  linear  foot,  tunnel  and  masonry,  including  labor, 

material  and  inspection,  $21.00. 

Note.  —  The  information  regarding  part  of  Sections  26  and  27  following  this  note 
relates  solely  to  the  year  ending  Sept.  30, 1893.  For  a  description  of  the  work  per- 
formed prior  to  this  year,  see  the  fourth  annual  report. 

JExcavation^  etc.  —  Drifts  extended  from  two  shafts.  That  from 
the  shaft  at  a  point  about  eighty  feet  west  of  Asylum  Avenue  was 
continued  from  last  year.  A  new  shaft  was  started  Oct.  6,  1892. 
A  hoisting  apparatus  called  an  incline  was  used  at  each  shaft. 
The  drift  from  the  westerly  shaft  extended  fourteen  feet  east. 
From  the  other  shaft  the  drift  extended  two  hundred  and  one  feet 
west  and  one  hundred  and  seventy-six  feet  east.  A  two-inch 
piston  pump  was  used  at  each  shaft  to  assist  in  taking  care  of  the 
ground-water,  the  maximum  pumping  done  in  any  twenty-four 
hours  being  about  twenty-five  thousand  gallons.     The  ordinary 
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progress  per  week  in  two  headings  was  about  thirty  feet.  There 
was  a  shutdown  of  work  from  Sept.  30  to  Oct.  15, 1892,  in  the  shaft 
west  of  Asylum  Avenue,  due  to  flooding  the  tunnel  by  the  bursting 
of  a  sewer  in  Poplar  Street,  near  the  work  of  McG-overn  &  Kitch, 
contractors  on  Section  27. 


SxcTiON  27  (Contract  Work),  Soherville  and  Cambridge. 

Location.  —  From  the  corner  of  Joy  and  Poplar  Streets,  throagh  Poplar  Street  to  and 
acrofis  Somerville  Avenue,  land  of  North  Packing  and  ProTision 
Company,  to  and  through  Medford  Street  and  to  and  across  the  Fitch- 
burg  railroad  tracks;  thence  by  way  of  Warren,  Cambridge  and 
Portland  Streets  to  near  Binney  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

5  feet  9  inches  by  6  feet  6  inches, 770  feet. 

5  feet  2  inches  by  5  feet  9  inches 3,556    " 

Contr actors  (original).  —  McOovem  &  Kitch  of  Lancaster,  Penn. 
Contractors*  Superintendent  (Year  ending  Sept.  30, 1893. J  —  Davis  Kitch  (a  mem- 
ber of  the  above-mentioned  firm.) 
Contractors*  Principal  Foremen  (Tear  ending  Sept.  30,  1893.)  —  James  Carterv 
William  Dwyer. 


State  Aseietante  (Tear  ending  Sept.  30, 1893  ) 

Assistant  Engineer :  Frank  I.  Capen. 

Inspectors :  George  F.  Greenlaw,  Frank  M.  Sherman,  John  D.  Collins. 

Transitmen:  Principals  —  Wm.  W.  Lewis,  Frank  C.  Shepherd,  Warren  A. 

Rogers,  Hartley  L.  White. 
Assistants  —  Harry  L.  Ward,  Elwyn  W.  Stebbins,  Wm.  H.  Board- 
man,  Jr. 


«c 


Trench  and  TunneL 


Larger 
Sewer. 


Bmaller 
Bewer. 


Length  completed  of  trench  excavation,  feet, 

Length.completed  of  tunnel  excavation,  feet 

Average  depth  of  trench  excavation  to  bottom  of  anderdratn,  feet,    . 

Greatest  depth  of  trench  excavation  to  bottom  of  nnderdraln,  feet,   . 

Average  width  top  of  trench,  feet, 

Average  width  bottom  of  trench,  feet, 

Average  depth  from  eurface  of  ground  to  bottom  of  tunnel  nnder- 
draln, feet, 

Greatest  depth  from  surface  of  ground  to  bottom  of  tunnel  nnder- 
draln, feet, 

Average  width  of  tunnel  excavation,  feet, 

Volume  of  trench  excavation  per  linear  foot,  cubic  yards,    .       • 

Volume  of  tunnel  excavation  per  linear  foot,  cubic  yards,    .       .       . 


Character  of  Earth  Excavation.  —  One  foot  of  street  filling  at  the  surface,  then 
one  or  two  feet  of  loam  or  peat,  a  five-foot  vein  of  fine  sand  containing  water,  day 
to  grade. 
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Mtuonry, 

Diameters  of  underdraln  laid,  and  length  of  each  size :  — 

6-inch 1473  feet. 

8-lnch, 2,208    " 

10-inch, 314    " 

12-inch 267    " 

Length  of  masonry  completed :  — 

Larger  sewer  (trench), 770  ftet. 

Smaller  sewer  (trench), ;       .        .        .      2,492    *' 

Smaller  sewer  (tunnel) 698    *' 

Masonry  was  began  in  trench,  Jane  29, 1892,  and  is  now  (September  30)  in  progress. 

Masonry  was  began  in  tannel,  April  12, 1893,  and  is  now  (September  30)  in  progress. 

NoTB.  —  The  information  regarding  section  27  following  this  note  relates  solely 
to  the  year  ending  Sept.  30, 1893.  For  a  description  of  the  work  performed  prior  to 
this  year,  see  the  fourth  annual  report. 

Re-letting^  etc.  —  On  account  of  the  unnecessary  and  unreason- 
able delay  of  Messrs.  McGovern  &  Kitch  in  carrying  on  the  work 
it  was  taken  from  them  on  October  15.  They  liad  then  completed 
on  Poplar  Street  from  its  intersection  with  Joy  Street  (the  begin- 
ning of  the  section)  to  Maple  Street,  about  six  hundred  feet  of 
trench  and  five  hundred  and  twenty-three  feet  of  brick-work ;  in 
North's  yard  near  Somerville  Avenue,  about  eighty-four  feet  of 
trench  and  forty-three  feet  of  brick- work;  on  Portland  Street 
they  had  completed  towards  Binney  Street  from  the  comer  of 
Cambridge  and  Portland  Streets,  two  hundred  and  forty  feet  of 
trench  and  one  hundred  and  fifty-five  feet  of  brick-work.  The 
State  continued  the  work  as  it  had  been  started,  and  at  the  same 
time  re-let  a  part  of  this  section  to  the  Metropolitan  Construction 
Company.  This  part  included  from  a  point  twenty  feet  south  of 
the  Fit-chburg  railroad  to  the  completed  work  at  the  corner  of 
Cambridge  and  Portland  Streets  (a  distance  of  one  thousand  four 
hundred  and  fifty-one  feet) ,  and  also  from  a  point  near  the  Hook 
and  Ladder  house  on  Portland  Street,  about  five  hundred  feet 
south  of  Cambridge  Street,  to  the  end  of  the  section,  a  distance 
of  two  thousand  one  hundred  and  sixty  feet.  The  State  work 
was  completed  April  20,  1893.  The  Metropolitan  Construction 
Company  began  work  on  Portland  Street,  Nov.  15,  1892. 

Excavation,  —  Two  trench  machines,  a  mining  hoist  and  three 
inclines  have  been  used. 
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The  pumpiDg  plant  for  the  removal  of  ground-water  has  been 
employed  as  follows :  on  Portland  and  Warren  streets,  in  the  open 
cuts,  a  six-inch  centrifugal  pump  used  at  pump  wells ;  in  the 
tunnels,  a  three-inch  pulsometer  used,  except  under  the  Fitchburg 
railroad,  where  a  two-inch  steam  pump  was  used.  In  North's 
Yard  and  on  Poplar  Street  a  six-inch  centrifugal  pump  and  a  two 
and  one-half  inch  ejector  were  used  at  pump  wells.  It  is  estimated 
that  during  the  time  of  the  maximum  pumping  four  hundred 
thousand  gallons  of  ground-water  were  removed  in  twenty-four 
hours.  There  were  interruptions  to  the  work  in  September 
and  October,  1892,  through  the  bursting  of  local  sewers,  etc.,  as 
alluded  to  further  on.  During  January,  February  and  March 
no  work  was  done  in  Portland  Street  on  account  of  the  extreme 
cold. 

FoundcUion»  —  All  but  the  first  sixty  feet  of  the  trench  rests  on 
a  clay  bottom,  which  was  shaped  to  fit  the  invert  of  the  sewer. 
The  exception  noted  had  a  rock  bottom,  which  was  excavated  to  a 
depth  of  about  six  or  eight  inches  below  the  bottom  of  the  brick- 
work and  replaced  by  concrete. 

Difficulties^  Accidents.  —  The  Metropolitan  sewer  has  been  built 
under  local  sewers  at  Linwood  Street  and  Somerville  Avenue, 
alongside  the  Poplar  Street  local  sewer,  under  the  Fitchburg  rail- 
road tracks,  under  local  sewers  at  Cambridge  Street,  and  alongside 
the  local  sewer  in  Portland  Street.  The  sewer  passes  also  under 
the  West  End  Street  railway  tracks  at  Somerville  Avenue  and 
Cambridge  Street.  In  each  case  where  the  Metropolitan  sewer 
passed  under  local  sewers  a  solid  concrete  pier  was  built  between 
the  two.  Under  the  Fitchburg  railroad  tracks  the  arch  of  the  sewer 
was  backfilled  with  Portland  concrete. 

On  Sept.  30,  1892,  and  again  on  Feb.  15,  1893,  the  Poplar 
Street  local  sewer  burst  flooding  the  Metropolitan  trench.  The 
local  sewer  was  replaced  for  a  time  by  an  iron  pipe,  and  was  after- 
ward rebuilt  by  the  State.  On  Portland  Street  rain  and  ground- 
water filled  the  contractors'  trench,  Oct.  8,  1892.  April  20,  1893, 
there  was  a  settling  of  Portland  Street,  near  Dow's  Soap  Works. 
The  local  sewer  and  one  of  its  man-holes  was  broken  down.  The 
injured  structures  were  rebuilt  by  the  contractors. 

Several  buildings  have  settled  about  quarter  of  an  inch.  The 
house  on  the  north-west  corner  of  Somerville  Avenue  and  Poplar 
Street  settled  about  four  inches,  cracking  the  foundation  badly. 
The  houses  were  repaired  either  by  the  State  or  the  contractors, 
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and  the  one  on  the  corner  of  Somerville  Avenue  and  Poplar  Street 
was  raised  and  given  a  new  foundation. 

On  May  15,  near  Dow's  Soap  Works,  the  centres  were  struck 
before  the  arch  was  sufficiently  loaded.  The  clay  on  the  sides 
pressed  the  masonry  in  and  caused  it  to  fail  for  a  distance  of 
nineteen  feet,  beyond  which  a  crack  showed  for  seventeen  feet. 
The  injured  masonry  was  taken  up  and  relaid  by  the  contractors* 

There  have  been  two  instances  where  a  man  in  the  trench  has 
sustained  temporary  injury  by  being  struck  by  a  bucket.  In  one 
case  the  engineer  let  the  drum  unwind  before  the  bucket  was 
locked,  and  in  the  other  the  bucket  was  accidentally  knocked  over 
the  edge  of  the  trench. 

MiacellaneoiLS.  — The  surplus  earth  has  been  used  for  filling  on 
adjacent  lands.  At  the  end  of  the  section,  near  Binney  Street,  a 
chamber  for  a  double  float  regulator  was  built  upon  the  Metro- 
politan sewer.  Between  Somerville  Avenue  and  Medford  Street 
the  sewer  passes  through  land  owned  by  the  North  Packing  and 
Provisioil  Company.  After  the  sewer  was  built  this  company  de- 
cided to  erect  a  building  over  it  and  began  to  drive  pile-work 
foundation.  To  protect  the  sewer  four  concrete  piers,  twenty  feet 
apart,  were  built  over  it  to  a  height  of  eight  feet  six  inches  above 
the  crown  of  the  arch  at  places  where  the  pile  bents  would  come. 
The  top  of  each  pier  was  about  five  feet  square,  and  increased  in 
size  to  the  hard  clay  bottom,  which  was  at  the  springing  line  of 
the  sewer. 

Section  28,  Cahbridoe. 

Location,  ~  From  a  point  in  Portland  Street  abont  fifty  feet  north  of  Binnej  Street, 
through  Portland  and  Albany  Streets,  across  Front  Street  and  throngh 
AltMiny  Street  extension  to  WaTerly  Street  at  AUston  Street ;  thence 
through  Waverly  Street  to  Chestnut  Street. 

Length  of  section 6,600  feet. 

Diameters  of  sewer :  — 

4  feet  by  4  feet  6  inches. 
Contractors.  —  John  L.  Reardon  &  Company  of  Brighton,  Mass. 
Contractors*  Superintendent, — Thomas  J.  Toung,a  member  of  the  aboTe-mentloned 

firm. 
Contractors'  Principal  Foremen,  —  Michael  Stapleton,  James  McManns. 

State  Assistants. 

Assistant  Engineer:  Frank  I.  Capen. 

Inspectori :  Caleb  Kimball,  Frank  M.  Sherman. 

Transitmen:  Principals  —  Wm.  W.  Lewis,   Frank  C.  Shepherd,  Warren  A. 

Rogers,  Hartley  L.  White. 
Transitmen:  AssistanU  —  Harry  L.  Ward,  Blwyn  W.  Stebbins,  WUliam  H. 

Boardman,  Jr. 
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Trench  and  Tunnel. 

Length  completed  of  trench  ezci^Yatlon, 6,608.00  feet. 

Lengthcompletedof  tunnel  excavation, 40.00    ** 

Average  depth  of  trench  excavation  to  bottom  of  nnderdrain,       .       .      17.90    " 
Greatest  depth  of  trench  excavation  to  bottom  of  underdrain,        .       .      22.00    " 

Average  width  top  of  trench, 8.50    ** 

Average  width  bottom  of  trench, 7.50    *' 

Cubic  yards  trench  excavation  per  linear  foot,  5  30. 

Approximate  cost  of  trench  and  tnnnel  per  linear  foot  to  date  (September  30),  indnd- 

ing  excavation  and  refilling  below  masonry,  backfilling,  etc.,  to  date  (September 

30),  $7.00. 

Character  of  Earth  Excavation,  —  For  the  first  1,900  feet,  as  far  as  Main  Street, 
abont  ten  feet  of  sand  and  gravel,  with  clay  below  to  grade ;  from  thence  for  about 
seven  hnndred  feet,  to  a  point  four  hundred  feet  north  of  Front  Street,  miscellaneous 
filling,  and  peat  below  to  the  bottom  of  the  sewer ;  firom  three  hundred  feet  south  of 
Front  Street  for  about  1,900  feet  to  near  Erie  Street,  ten  feet  of  peat  overlying  sand 
to  the  bottom  of  the  sewer ;  from  thence  to  the  end  of  the  section,  filling,  peat,  loam, 
and  sand  to  grade, — there  being  claj  in  the  bottom  for  a  distance  of  about  146  feet 
near  the  end  of  the  section. 

Maeonry, 
Contract  price :  — 

Brick- work,  American  cement  mortar,  per  cubic  yard,       .  •       .   $12  15 

Brick-work,  Portland  cement  mortar,  per  cubic  yard, 13  76 

Concrete,  American  cement  mortar,  per  cubic  yard 6  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 6  60 

Diameters  of  underdrain  laid,  and  length  of  each  size :  — 

8-inch, 1,703  feet. 

lO-inch, 2,338    « 

I2.1nch, 1,663    « 

Approximate  cost  of  masonry  per  linear  foot,  including  underdrain,  etc. :  — 

Trench, $6  66 

Tunnel, 6  06 

Length  completed,  trench, 6,489  feet* 

Length  completed,  tunnel, 29    " 

Masonry  was  begun  in  trench  Nov.  29, 1892,  and  is  now  (September  30)  in  progress. 
Masonry  was  begun  in  tunnel  Sept.  27, 1893,  and  is  now  (September  30)  in  progress. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry.  Including 
labor,  material,  inspection,  and  miscellaneous  items  to  date  (September  80), 
913.00. 


Excavation. — The  excavation  operations  have  proceeded  from 
two  open  cuts  and  from  a  tunnel  shaft.  The  first  open  cut  was 
started  Nov.  14,  1892,  at  a  point  about  three  hundred  feet  south 
of  Front  Street,  and  continued  by  means  of  a  trench  machine  to 
the  end  of  the  section  at  Waverly  Street,  a  distance  of  about  three 
thousand  one  hundred  and  thirty-one  feet.  The  ordinary  progress 
per  week  was  about  one  hundred  and  ninety-two  feet.  When  the 
end  of  the  work  was  reached  on  this  opening  the  trench  machine 
was  moved  to  a  point  about  sixty-five  feet  from  the  beginning  of 
the  section,  at  the  corner  of  Portland  and  Bristol  streets,  and  an 
opening  was  started  there  on  May  10,  1893.  Work  from  this 
latter  opening  has  progressed  a  distance  of  about  two  thousand 


Donu  oi  rroDi  street;  seveniy-iour  leet  oeiug  leit  at  main  street 
for  tunnelliDg.  The  areri^e  progress  per  week  has  been  about 
one  hundred  and  forty-four  feet.  A  tunnel  shaft  was  started 
September  18  on  the  north  side  of  Main  Street,  and  has  proceeded 
under  that  street  for  a  distance  of  about  forty  feet.  An  incline  is 
Qsed  for  hoisting  at  this  shaft.  Pump  wells  have  been  established 
every  eight  hundred  feet.  On  Portland  Street,  from  Bristol  to 
Hampshire  Streets,  the  pumping  of  ground-water  has  been  done 
by  a  foar-iuch  Webber  centrifugal  pump.  A  six-inch  Webber 
pump  has  been  used  elsewhere,  supplemented  along  the  marsh  from 
Front  to  Erie  streets  by  the  four-inch  pnmp.  The  maximum 
amouDt  of  water  pumped  in  any  twenty-four  hours  has  been  about 
550,000  gallons.  The  excavation  work  has  progressed  con- 
tinnonsly. 

Foundation. — The  bottom  of  the  trench  was  shaped  to  fit  the 
invert  of  the  sewer  from  the  corner  of  Portland  and  Bristol  streeta 
to  the  corner  of  Portland  and  Main  streets,  a  distance  of  about 
one  thousand  nine  hundred  feet,  and  for  a  distance  of  about  one 
hundred  and  forty-flve  feet  near  the  end  of  the  section,  on  Waverly 
Street.  For  a  distance  of  about  four  hundred  and  thirty-four  feet, 
from  a  point  about  eighty  feet  south  of  Main  Street  and  running 
towards  Front  Street,  excavation  to  an  average  depth  of  about 
fourteen  inches  was  made  below  the  bottom  of  the  brick-work  and 
the  intervening  apace  filled  with  gravel. 

Afiscellaneoue. — The  Metropolitan  sewer  haa  been  built  under 
local  sewers  at  Hampshire  Street,  Broadway ;  Harvard,  Washing- 
ton, Waverly  and  AUston  streets  and  Putnam  Avenue.  The  inter- 
vening space  between  the  two  sewers  in  each  case  was  filled  with 
concrete.  The  sewer  crosses  under  the  West  End  railroad  tracks 
at  Hampshire  Street  and  Broadway.  All  this  work  of  croasing 
under  sewers  and  railroad  tracks  has  been  done  without  especial 
difficulty.  The  surplus  earth  from  the  sewer  trench  has  been  de- 
posited in  adjacent  lowlands. 

Section  29,  Cambbidqe. 

Location.  —  From  a  point  in  W&Terlj  Street,  near  tbe  Dortb  comei  of  CheMoDt 
Street,  throngh  Waverly  Street,  privkte  way,  Oninlte  Street,  privnle 
land,  RlTcr,  Blackstone,  Albro   and    Ampere  Streeti   to  WeHern 
Avenne. 
DlamelcTB  of  seweis  and  length  of  cacb  size :  — 

4  feet  \>j  *  feet  6  incbea 1,710  feet. 

3  feet  8  inches  bj  4  foet  2  iDchss 1,S2I    " 

5  feet  e  Incbei  bj  i  feet, 2,093    " 
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Coniraetor$»  •—  Llndfay  &  Cadmore  of  Somerville,  Mass.    The  two  members  of  this 

firm  acted  as  their  own  saperintendents. 
Coniractor$*  Principal  Foreman. — John  Doherty. 

Stale  Aeeistanie. 

Assistant  Engineer :  Frank  I.  Capen. 

Inspectors :  Samnel  Coming,  Caleb  Kimball,  Frank  M.  Sherman. 
Transitmen :  Principals  —  C.  Barton  Pratt,  Frank  C.  Shepherd. 
'<  Assistants  —  Wm.  M.  Stodder,  Edward  I.  Marvell. 

Trench. 


4  feet  by 

4  feet 

6  Inches 

sewer. 


3  feet  8 

inches 

by  4  feet 

2  inches 

sewer. 


8  feet  6 
inches 

by  4  feet 
sewer. 


Length  completed,  feet, 

ATerage  depth  of  ezeayetion  to  bottom  of  nnderdrain,  feet, 
ATersge  depth  of  excavation  to  bottom  of  pile  cap,  feet,  . 
Greatest  depth  of  excavation  to  bottom  of  nnderdrain,  feet. 
Greatest  depth  of  excavation  to  bottom  of  pile-cap,  feet,     . 

Average  width  top  of  trench,  feet, 

Average  width  bottom  of  trench,  feet, 

Volume  of  excavation  per  linear  foot,  cubic  yards. 
Approximate  cost  of  trench  per  linear  foot,  inolndlng  sheet- 
ing left  in,  excavation  and  refllUog  below  masonry,  back- 
filling, etc.,  to  date  (September  80),     


S66.00 

14.65 

16.00 
7.60 
7.60 
4.04 


$4  00 


Character  of  Earth  Excavation.  —  For  first  two  thousand  feet,  twelre  feet  of  sand 
abOTe  about  fire  feet  of  wet  gra?el ;  next  nine  hundred  feet,  about  five  fbet  of  peat 
above  about  five  feet  of  sand,  with  gravel  to  the  bottom  of  the  sewer ;  from  thence 
to  a  point  about  one  hundred  feet  west  from  the  comer  of  the  works  of  the  Dover 
Stamping  Company,  all  peat. 


Maeonry. 
Contract  price :  — 

Brick-work,  American  cement  mortar,  per  cubic  yard,       ....   $12  00 

Brick-work,  Portland  cement  mortar,  per  cubic  yard,         .       .       •       •      18  50 

Concrete,  American  cement  mortar,  per  cubic  yard, 4  75 

Concrete,  Portland  cement  mortar,  per  cubic  yard,  •       •       •       .       6  50 

Diameters  of  nnderdrain  laid  and  length  of  each  size  :— 

8-inch, 543  feet. 

12-inch 2,992    « 

Ap|»ozimate  cost  of  masonry  per  linear  foot  of  trench,  including  nnderdrain,  etc, 

to  date  (September  30) :  — 

4  flMt  by  4  feet  6  inches  and  3  feet  8  inches  by  4  feet  2  inches  sewer, .       •     $6  00 

8  feet  6  inches  by  4  feet  (with  pile  foundation), 18  30 

Length  of  masonry  completed : — 

4  feet  by  4  feet  6  inches  sewer, 1,740  feet* 

8  feet  8  inches  by  4  feet  2  inches, 1,321    " 

8  feet  6  inches  by  4  feet, 61    <* 

Masonry  was  begun,  April  30, 1893,  and  is  now  (September  80)  in  progress. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry,  to  date 

(September  30),  including  labor,  material,  inspection,  and  miscellaneous  items, 

911.00. 


Btarted  at  the  lower  eDd  of  tbe  section  on  April  W,  IS9S.  liie 
operations  from  this  opening  have  now  extended  a  distanee  of 
about  three  thousand  three  hundred  and  twenty-six  feet,  to  a  point 
aboQt  one  hundred  feet  west  from  the  comer  of  the  works  of  the 
Dover  Stamping  Company.  The  ordinary  progress  per  week  has 
been  about  one  hundred  and  fifty  feet.  The  only  interruptions  have 
beeu  those  caused  by  the  tide  breaking  through  the  dyke.  Pump 
wells  have  been  established  every  six  hundred  feet.  At  the  first 
two  of  these  wells  a  six-inch  centrifugal  pnmp  was  used,  and  a 
six-inch  and  a  four-inch  pump  has  been  used  at  each  of  tbe  suc- 
ceeding wells.  It  is  estimated  that  the  maximnm  amoant  of 
pumping  in  any  twenty-four  honi-s  was  about  750,000  gallons.  A 
second  opening  was  started  September  26  at  tbe  curve,  corner 
of  Blaokstone  and  Albro  Streets,  and  is  being  worked  toward  the 
upper  end  of  the  section.  An  incline  is  being  used,  and  the  trench 
has  been  excavated  a  distance  of  about  thirty  feet. 

Foundation.  —  From  a  point  about  fifty-one  feet  from  the  lower 
end  of  the  section,  and  extending  for  a  distance  of  about  two  hun- 
dred and  eighty-three  feet,  the  bottom  of  tbe  trench  was  clay, 
which  was  shaped  to  fit  tbe  invert  of  the  sewer.  For  a  distance  of 
eighty-one  feet  at  the  foot  of  Pleasant  Street,  excavation  was  made 
to  a  depth  of  about  one  and  one-quarter  feet  below  sewer  grade, 
and  the  space  below  filled  with  concrete.  From  thence  a  pile 
foundation  has  been  used.  The  piles  have  been  driven  in  bents  of 
three  each,  the  bents  being  four  feet  apart.  The  tops  have  been 
covered  with  an  eight-inch  by  ten-inch  cap  surmounted  by  a 
three-inch  platform.  The  piles  have  been  from  fifteen  to  twenty 
feet  in  length. 

DiffioiUiea. — The  Metropolitan  sewer  has  been  built  under 
Cambridge  sewers  at  Pearl  and  Pleasant  Streets.  At  tbe  first  of 
these  points  a  solid  concrete  pier  was  built  occupying  all  the  space 
between  the  two  sewers,  and  at  tbe  latter  point  the  arch  of  the 
Metropolitan  sewer  for  a  distance  of  seven  feet  each  side  of  the 
local  sewer  was  built  of  solid  Portland  concrete.  The  Metropolitan 
sewer  was  here  widened  eight  inches  at  the  springing  line  asd 
flattened  one  foot  three  inches  at  the  crown. 

Miscellaneous.  —  The  surplus  earth  for  the  first  eleven  hundred 
feet  was  used  to  fill  in  land  owned  by  Edmund  Beardon,  and  that 
gained  for  the  rest  of  the  way  has  been  levelled  off  along  tbe 
marsh,  over  the  eewer. 
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Sectiok  30,  Cambridge. 

Location,  —  From  Western  ATenne,  at  the  end  of  Ampere  Street  acroM  Weitem 
Avenne  and  through  private  land  to  De Wolfe  Street ;  throngh  DeWoIft 
and  Dyke  Streets  and  private  land  to  and  across  Danster  Street, 
through  private  land  and  across  Boylston  to  Eliot  Street;  and  through 
Eliot  Street,  Eliot  Square  and  Mt.  Auburn  Street  to  Lowell  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

3  feet  5  inches  by  3  feet  8  inches, 2,190  feet. 

2  feet  10  inches  by  8  feet ;  2  feet  8  inches  by  2  feet  10  inches,      .       .     3,022    ** 

2  ilset  3  inches  by  2  feet  4  inches, 1,813    " 

CofUrMtors.  —  Jones  &  Meehan  of  Jamaica  Plain,  Mass. 

Contractors*  Superintendent,  —  Michael  Meehan,  a  member  of  the  above-named 

firm. 
Contractors*  Principal  Foremen.  —  Peter  Dolan,  John  Monahan. 


State  Assistants, 

Assistant  Engineer :  Frank  I.  Capen. 

Inspectors :  George  F.  Greenlaw,  Warren  A.  Rogers,  Hadson  B.  Damon. 
Transitmen:  Principals— C.  Barton  Pratt,  Frank  C.  Shepherd. 
Assistants— Wm.  M.  Stodder,  Edward  I.  Marvell. 


II 


Trench. 


Largest 
Bflwer. 


Two 
SmAller 
Sewers. 


Smallest 
Sewer. 


Length  eompleted,  feet, 

Average  depth  of  ezeavatlon  to  bottom  of  uoderdralii,  feet 
Average  depth  of  excavation  to  bottom  of  pile  cap,  feet, 
Greatest  depth  of  ezeavatlon  to  bottom  of  anderdrain,  feet 
Greatest  depth  of  excavation  to  bottom  of  pile  cap,  feet, 
Average  width  top  of  trench,  feet,         .... 
Average  width  bottom  of  trench,  feet,   .... 
Volume  of  excavation  per  linear  foot,  cable  yards, 
Approximate  eoet  of  trench  per  linear  foot,  inclodlng  sheet- 
ing left  in.  excavation  and  refilling  below  maaonry,  back 
filling,  etc.,  to  date  (September  80) 


2,024.00 
18.80 

18.80 

6.00 
6.00 
8.07 


$4  00 


2,659.00 
16.60 

21.80 

6.25 
6.60 
8.60 


$4  60 


872.00 

12.70 

17.60 
6.20 
6.20 
2.46 

$4  60 


Character  of  Earth  Excavation.-— From  Western  Avenue  to  comer  of  De  Wolfe 
and  Dyke  Streets,  a  distance  of  about  1,900  feet,  1  foot  of  loam  or  gravel,  then  clay 
to  grade ;  from  thence  to  about  one  hundred  feet  east  of  Boylston  Street,  gravel,  peat 
and  sand—  the  peat  sometimes  running  below  the  springing  line  of  the  sewer;  for 
about  150  feet,  filling  with  peat  below ;  from  thence  for  four  hundred  feet  to  Eliot 
Square,  sand  and  gravel  to  grade ;  for  two  hundred  feet,  gravel  filling  with  peat 
below ;  thence  to  one  hundred  feet  west  of  Hawthorn  Street,  sand  and  gravel ;  firom 
thence  on,  gravel  filling  and  peat  running  below  grade. 


Masonry, 
Contract  price :  — 

Brick-work,  American  cement  mortar,  per  cubic  yard,       ....  $13  00 

Brick-work,  Portland  cement  mortar,  per  cubic  yard,         .       .       •       •  16  00 

Concrete,  American  cement  mortar,  per  cubic  yard, 6  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 7  00 


e-lneli 1,978  feet. 

B-lncb, 3,110    " 

ApproxlDuile  CMI  ol  mawinrr  per  ItDcar  tootorireDch,  lQctDdingiinderdr*ia,elc.,  to 

date  (September  30) :  — 

LargcEt  lewer, SS  10 

Two  imalter  lewer* 4  SO 

emallMt  Hwei, G  70 

Lengtba  of  muonry  completed:  — 

Lu'geit  lewer 2,001  feet. 

Two  araaller  leweia 2,495    " 

Smalleat  tewei 476    *' 

HaK>nT7  wa«  began  June  26,  1S93,  and  U  now  (September  30)  In  progrees. 
Approximate  coal  or  aectioii  per  liaur  foot  or  ezcaraiion  and  maMar]',  Inclading 
labor,  material  and  lotpectlon,  and  mlecellaneoiu  Items,  to   date   (Septem- 
ber 30),  tlO-00. 

Excavation.  —  Two  single  track  trench  machioes  bare  beea 
nsed.  The  excavation  has  been  worked  from  three  open  cute  as 
follows  :  One  was  begun  at  the  lower  end  of  the  section  at  West- 
ern Avenue  on  Jane  19,  and  has  advanced  a  distance  of  about 
nineteen  hundred  and  forty  feet  to  the  corner  of  Dyke  and 
De Wolfe  Streets. —  the  ordinary  progress  per  week  being  about 
two  hundred  and  five  feet.  A  second  opening  was  commenced 
July  3  on  Mount  Auburn  Street,  near  the  Police  Court  building, 
and  operations  from  this  opening  have  progressed  for  a  distance 
of  about  two  thousand  three  hundred  and  seventy-two  feet  in  this 
street  to  Marsh  Court,  at  the  ordinary  rate  per  week  of  about  one 
hundred  and  ninety-five  feet.  The  third  and  last  opening  was 
begun  at  the  corner  of  Dyke  and  Plympton  Streets,  August  22. 
Work  has  progressed  at  the  ordinary  rate  per  week  of  about 
one  hundred  and  eighty  feet  for  a  distance  of  about  one  thou- 
sand two  hundred  and  forty  feet  to  Boylston  Street. 

A  pump  well  was  placed  at  Western  Avenue  and  another  at 
the  corner  of  Dyke  and  Plympton  Streets,  with  a  four-inch  Webber 
centrifugal  pump  at  each.  There  have  also  been  two  pump  wells 
on  Mount  Auburn  Street,  with  a  six-inch  Webber  pnmp  used  at 
each  in  succession.  The  excavation  work  has  progressed  conUn- 
uously. 

Foundation.  — The  clay  bottom  of  tbe  trench  bas  been  ao  dag 
as  to  fit  the  Invert  of  the  sewer  from  tbe  lower  end  of  the  aection 
at  Western  Avenue  to  the  comer  of  De  Wolfe  and  Dyke  Streets,  a 
distance  of  about  one  thousand  nine  hundred  and  forty  feet.  For 
a  distance  of  about  seventy-three  feet  in  Eliot  Square  near  the 
engine  bouse,  and  for  a  distance  of  forty  feet,  from  a  point  on 
Mount  Auburn  Street  one  hundred  feet  west  of  Hawthorn  Street, 
the  earth  has  been  removed  to  a  depth  of  about  two  feet  below  sewer 
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grade  and  the  space  filled  with  American  concrete.  Between  Dun- 
Bter  and  Boylston  Streets,  for  a  distance  of  about  ninety-five  feet, 
excavation  was  made  to  a  depth  of  three  feet  below  sewer  grade  and 
the  space  filled  with  gi*avel.  Pile  driving  was  resorted  to  from  a 
point  about -fifty-nine  feet  east  of  Boylston  Street  to  the  west  side 
of  that  street.  These  piles,  twelve  feet  in  length,  were  driven  in 
bents  of  two  each  —  the  bents  being  four  feet  apart  and  covered 
with  eight-inch  by  eight-inch  caps  surmounted  by  a  three-inch 
platform.  A  pile  foundation  has  also  been  used  on  Mount  Auburn 
Street  from  a  point  about  one  hundred  and  fifty  feet  west  of  Haw- 
thorn Street  to  where  work  is  going  on  at  the  present  time.  These 
are  forty-foot  piles,  and  the  details  in  regard  to  bents,  capping  and 
platform  are  the  same  as  in  the  case  before  mentioned. 

MisceUaneous.  —  The  Metropolitan  sewer  has  passed  under 
several  local  sewers.  Solid  concrete  piers  have  been  built  to  occupy 
all  the  space  between  the  two  in  each  case.  At  Western  Avenue 
and  Plympton  Street,  where  local  sewers  were  met,  the  cross-section 
of  the  Metropolitan  sewer  was  changed  to  iron  pipes  three  feet 
six  inches  and  three  feet  in  diameter  respectively,  with  a  reducer 
five  feet  in  length  at  each  end,  the  local  sewers  being  so  recon- 
structed that  their  flows  could  pass  both  over  and  under  the 
Metropolitan  sewer.  At  Willard  Street  the  sewer  line  was  moved 
ten  inches  to  the  left  to  avoid  a  tide-gate  man-hole  in  the  local 
sewer.  The  surplus  earth  gained  from  the  trench  has  been  used 
for  filling  adjacent  land. 


Section  37,  East  Boston. 

Loeation,  —  From  a  point  In  Chelsea  Street,  abont  two  hundred  feet  from  Chelsea 
Creek  bridge,  to  Prescott  Street  and  in  that  and  Bremen  Street  to  a 
point  abont  three  hundred  feet  beyond  Brooks  Street. 
Diameters  of  sewers  and  length  of  each  size :  — 

3  feet  4  inches  by  3  feet  9  inches 472  feet. 

3  feet  by  3  feet  0  inches, 4,410    " 

Contraetor.  —  John  Sheehan  of  Lynn,  Mass. 

C<mirttctor*a  SuperintendenU.  —  Wm.  Hall,  M.  F.  Oarra  (from  Jnne  12  to  Angnst 

C<mlraeior*9  Principal  Foremen :  — 

Trench—  Michael  Kiernan,  Jeremiah  Barry. 
Tunnel—  J.  N.  Beesby. 

St€Ue  Aaeistante. 

Astistant  Bngineer :  Seth  Peterson. 

Inspectors :  M.  F.  Oarra  (to  June  12),  J.  J.  Conway. 

Transitmen :  PriDcipal  —  Fred  Brett. 

**  Assistant  —  Thomas  T.  Cass. 


s:s: 

Boulltr 

IM.W 

<<M.I» 

laa.oo 

1,1H.OO 

AiviMgK  depth  of  trmeh  hutiUdd  lo  boitDm  of  nodcrdntD.  (Mt,     . 

28.W 

ai.M 

n.N 

ATcng*  dsptli  from  initu*  ot  ground  Id  bollom  of  taanal  ondor- 

QruUM  dspth  from  lurfBCa  of  groand  to  bottom  of  tDooel  onder- 

8.8 

Volnins  of  lrtnijhMo.v»tloDp«rllo«.r  fool,  enblo  yard 

«.o 

Approiliulo  o«l  of  treniih  per  Ilneu  /oot.  loelDdlni  ihMtlDi  Wl 
Id,  ainnUon  and  nfllUD(  below  muonr;,  bukflUlog,  ou.,  to  dM* 

»TI» 

♦TOO 

cmnUoo  ud  raflUtDg  balow  muonr;.  bukflJlloK,  etc^  lo  dile  (Sap- 

800 

CoDtract  prica:  — 

Brick-work,  Amcrfean  Ofement  mortar,  per  cable  yard (12  90 

Brick-irork,  Portland  cement  mortar,  per  cable  yard IS  W 

Concrete,  AmerlcaD  cemant  mortar,  per  cubic  7ard, S  DO 

Concrete,  Forlland  cement  mortar,  per  cnblc  jard, S  BO 

Dlamsteri  of  nnderdraln  laid,  and  leogtb  or  each  ilae :  — 

6-Inch, 744  few. 

8-lncb 222    " 

10-ineh 107    " 

l2-iach 200    " 

Approximate  coit  at  maionir  per  linear  Toot  ot  ttencb  and  tunnel,  incladlng  nnder- 
dratn,  etc.,  to  date  (September  30),  (S.OD. 

Leoph  of  maionry  completed:  — 

Trench 390  Ibel. 

Tunnel 984    " 

Uaaaniy  wu  began  In  tunnel,  March  27, 1893,  and  li  now  (September  30)  In  pro^ 
Uasonr;  vtu  begun  In  trench,  Jal7  27,  189S,  and  ia  now  (September  30)  In  prog- 


Approximate  nMt  of  sectloa  per  linear  foot  of  excaTaUon  and  muourj,  Inclndlng 
labor,  maiertal  and  inspection,  and  miaeellaoeotti  items  to  date  (StiMmbec  30), 
912.00. 
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Bxcav€Uion, 


Character  of 
Opening. 

Point  of  Beginning.                Points  of  Ending. 

Extent, 
feet. 

Ordinary 

Progress 

per  Week. 

feet. 

Tunnel, 
Tunnel,*     . 

Tunnel, 

Tunnel, 
Tnnnel, 
Tunnel, 
Tunnel, 

Lower  end  of  section, 
Cnrtl*  St.,  .... 

480  feet  south  of  Curtis  St., 

• 

Nearly  opposite  Glendon 
Place. 

In  front  of  Maverick  Oil 
Works. 

About  the  middle  of  Eagle 
Square. 

Just  north  of  Saratoga  St., 

186  feet  toward  Curtis  St., 

180  feet  north  of  Curtis 
St.  and  410  feet  south  of 
the  same  street, 

80  feet  north  of  shaft  and 
about  170  feet  south  of 
shaft 

120   feet   north   and    the 
same  distance  south, 

180  feet  north  of  shaft  and 
the  same  distance  south, 

170  feet  north  of  shaft  and 
160  feet  south  of  same, . 

10  feet  north  and  10  feet 
south,      .... 

186 

540 

204 
240 
866 
381 
20 

42 

64 

42 
84 
84 

84 

*  Changed  to  open  cut. 

Two  headings  were  run  from  all  bat  the  first  shaft.  A  trench 
machine  was  used  on  the  open  cat,  and  material  excavated  from 
the  tunnel  shafts  was  handled  with  derricks  and  wheelbarrows. 
The  tunnelling  was  secured  by  timber  sets.  A  six-inch  Andrews 
pump  has  been  placed  about  three  hundred  feet  south  of  Curtis 
Street,  and  a  pulsometer  and  hand  pump  have  been  used  in  each 
tunnel  shaft.  The  ground-water  in  each  tunnel  shaft  could  have 
been  taken  care  of,  as  far  as  pumping  was  concerned,  with  a  hand 
pump  alone,  except  in  the  case  of  the  shaft  south  of  Curtis  Street. 
At  this  shaft  and  the  open  cut  connected  with  the  same  pump,  the 
yield  of  ground-water  was  estimated  to  be  1 ,400,000  gallons  per 
twenty-four  hours.  The  work  has  progressed  with  practically  no 
shut-downs. 

Foundation. — The  bottom  of  the  trench  has  been  shaped  to 
fit  the  invert  of  the  sewer  all  the  way  except  about  five  hun- 
dred feet  near  Curtis  Street  and  about  two  hundred  feet  between 
Eagle  and  Saratoga  streets.  Near  Curtis  Street  the  foundation 
was  in  loose,  wet  sand  and  gravel.  Between  Eagle  and  Saratoga 
streets  the  underlying  sand  will  be  removed  to  a  depth  of  about 
six  inches  below  the  bottom  of  the  masonry  and  refilled  with  gravel. 


Difficulties,  —  The  only  serious  obstacles  came  from  the  water 
in  the  gravel  stratum  near  Curtis  Street.  The  upper  part  of  this 
gravel  stratum  was  saturated  with  oil  which  soaked  through  the 
ground  from  the  oil  works  near  by.  Gas  evaporated  from  this 
which  was  quite  disagreeable  in  the  bottom  of  the  trench.    To 


Portland  cement  mortar,  and  from  a  point  about  tfaree  hundred 
feet  aoath  of  Curtis  Street  to  that  street  the  arch  was  covered  with 
an  extra  coat  of  plaster  of  the  same,  about  one-half  inch  in  thick- 
ness. 

JUiscellaneoua. — The  snrplus  earth  gained  by  the  sewer  oper- 
atione  has  been  ased  for  filling  adjacent  low  lands. 


Section  40,  Everett  akd  Malden. 

Lcaation.  —  From  nwr  Waien  Avenoe  In  ETCrctt,  aloog  the  wsiterl;  ilde  of  Um 
Saugiia  BroDch  railroad  (o  Mlddlnex  Stt««t  in  Maiden,  asd  Id  thii 
■ireet  to  Cbart«i  Street. 

LcDgtb  o(  lecdon 6,252  lea. 

Diameiers  ot  wwn,  3  fe«t  9  inchet  hj  i  b«t  1  Inch. 
ContraetoTt.  —  Vi.  A.  HaloDB  &  Bode  of  Pblladetpbia,  Fenn. 
Cantracton'  St^ierinttrtdtrU  (  Ttar  ttvting  Stpt.  30,  J^SdJ.  —  Michael  Tallant. 
Contractor^  Principal  Fortman  (  Tear  ending  Sept.  30, 1893).—  HIcbael  SlaplMiHi. 

Slate  Ainttantt  (Tear  ending  Sept.  30,  1893). 
Inspector* :  Caleb  Kimball,  Jane*  E.  Coyne. 
Traniitman :  Principal  —  Faal  W.  Howell. 

"  AnIitantB  —  Fred  Brett,  Oeorge  F.  Cban,  Oeorge  R.  Wlnalow. 

Trtneh. 

Length  completed 6,2ilSJW  IM. 

Averse  deptb  of  excavation  to  bottom  of  nnderdrain,    .        .       .  16.00    " 

OieateM  deptb  at  ezcaTatlon  to  bottom  of  onderdraln.  .        .       .  34.00    " 

Aterage  width  top  o(  trench 7  JO    " 

Average  width  bottom  of  trench, 1.60    " 

Cnbic  jaidi  eicsratloD  per  linear  foot,  4.10. 

Approximate  cost  of  trench  per  linear  foot,  IncladlngBheetlng  left  In,  ezcaTaUon  and 
refilling  below  maHmrj,  backfilling,  etc ,  (S.SO. 

Charaeltr  of  Bart k  Excavation.  — Oa  the  marab,  generally  throngh  four  feet  o( 
peat  and  fonr  or  five  feet  of  aand  to  Ann  clay ;  in  the  vidnlly  of  Bell  Rocic  St&lioii. 
through  aand,  grarel  and  clay;  at  worki  of  Hob  Cemeni  Company,  graTel,  aand  and 
ledge;  npper  *e*ea  hnndred  feet  of  aectlon.  aand  and  allt. 

Maiomy, 
Contract  price;  — 

Brick-work,  American  cement  mortar,  per  cable  yard f  12  00 

Brick-work,  Portland  cement  mortar,  per  cnbic  yard 13  79 

Concrete,  American  cement  mortar,  per  cubic  yard fi  7S 

Concrete,  Portland  cement  mortar,  per  cnbic  yard TOO 

Diameters  of  nnderdraln  laid  and  length  of  each  alze  :  — 

B-lncb 83S  feel. 

8-Inch 1,022    " 

LO-incb, 2,92*    " 

12-tach 842    " 
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Approximate  cost  of  masonry  per  linear  foot,  including  nnderdrain,  etc.,  $7.00. 
liCngtb  completed, 6,252  feet. 

Masonry  begnn,  Oct.  5, 1891 ;  finished,  April  1, 1893. 

Approximate  cost  of  section  per  linear  foot  of  trench  and  masonry,  indading  labor, 
material.  Inspection,  extra  payment  to  contractor  and  misoellaneoas  items, 
$14  00. 

Note.  —  The  information  regarding  Section  40  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1893.  For  a  description  of  the  work  performed  prior  to 
this  year,  see  the  fonrtb  annual  report. 

Excavation.  —  Operations  were  carried  on  from  two  openings, 
(No.  1)  being  continued  from  last  year's  work  at  a  point 
opposite  the  paint  factory  of  Wads  worth,  Howland  &  Co., 
to  where  the  creek  crosses  the  sewer  about  four  hundred  feet 
south  of  Middlesex  Street.  The  other  opening  (No.  2)  was 
started  Nov.  5,  1892,  at  the  comer  of  Charles  and  Middlesex 
Streets,  Maiden,  and  extended  to  the  creek  crossing  just  men- 
tioned. A  trench  machine  was  used  for  all  but  about  four  hun- 
dred feet  of  the  trench  at  the  upper  end  of  the  section  at  which 
place  a  derrick  was  used.  A  six-inch  pump  opposite  the  factory 
of  Wadsworth,  Howland  &  Co.,  took  care  of  the  ground-water 
in  opening  No.  1 ;  at  the  time  of  its  maximum  service  pulnping  an 
estimated  quantity  of  300,000  gallons  in  twenty-four  hours.  A 
similar  pump  was  used  at  opening  No.  2,  and  during  the  time  of 
its  greatest  use  pumped  an  estimated  quantity  of  600,000  gallons 
in  twenty-four  hours.  The  ordinary  progress  per  week  at  each 
opening  was  as  follows:  No.  1,  seventy-eight  linear  feet ;  No.  2, 
forty  linear  feet.  There  was  a  shut-down  from  Feb.  24  to  March 
11,  1893. 

Foundation.  —  The  bottom  of  the  trench  was  dug  to  fit  the 
bottom  of  the  sewer  for  a  distance  of  about  nine  hundred  feet, 
extending  from  a  point  opposite  the  factory  of  the  Hub  Cement 
Co.  to  a  point  just  south  of  the  creek  crossing.  The  trench  was 
excavated  to  an  average  depth  of  about  five  feet  below  the  bottom 
of  the  masonry  and  refilled  with  gravel  from  the  southerly  cross- 
ing of  the  old  bed  of  Maiden  River  to  a  point  opposite  the  factory 
of  the  Hub  Cement  Co. 

Difficulties.  —  The  sewer  passes  under  the  creek  near  the  upper 
end  of  the  section,  in  close  proximity  to  the  railroad.  On  Dec. 
3,  1893,  the  tide  broke  down  the  dams  there  used.  The  sewer  at 
that  point  is  heavily  reinforced  with  Portland  concrete. 

Miscellaneous.  —  On  the  marsh  an  embankment  was  built  over 
the  sewer  to  a  height  of  about  two  feet  from  the  natural  surface. 


SECnoK  41   (CoNTEACT  Wobk),  Maldeh  AMD  ATelbose. 

Location.  — Vtoia  a  point  near  the  Junction  of  Cbartoi  ftod  HiddleMX  SDeeB, 
Haldsn,  throDgh  Hlddiuez  and  Danmantii  Streeu  lo  near  the  fatd 
of  tlie  Cochrane  Worried  Mill.  The  work  Id  the  ipace  Intervening 
between  thia  point  and  Uonntaln  Aventie  wai  done  by  daj  labor. 
From  HoaoMIn  Arenne  eait  of  Spot  Pond  Brook  the  contract  work 
proceed*  tbrongb  private  and  railroad  land  In  Maiden  and  Melrose, 
paislng  near  to  and  In  the  rear  of  Middlesex  Felli  Station  to  Ooodjear 
ATcnne,  thence  acroii  the  Botton  &  Maine  railroad  and  alonj^slde  the 
brook  to  Fleaiant  Street  near  Oould,  throngh  Plewant  Street  to 
Wyoming  Avenue,  Helroae. 

Dlamelen  of  lewers  and  length  of  each  (lie :  — 

3  feet  1  incb  by  3  feet  2  Inchei 1,730  feet. 

1  foot  10  inches  by  2  feet  9  inches, 3,030    " 

I  foot  8  Inches  by  2  feel  6  inches £,016    " 

Coittraetori.  —  Honlton  &  O'MabonCT  of  Boston,  Mass. 

CoHinutori  Superintaidmt  (Tearauling  Sept.30, 1893  J— OmaTmmbaa. 

Contrattori'  Princtpat  Fortman  (  Year  ending  Sept.  30,lS93J.~lion\i  l.CbaosH. 


Slate  Aiiitlanli  (Tear  ending  Si^t.  30,  1893). 
Assistant  Engineer:  Wilbnr  F.  Goodrich. 
Inspectdta;  Gay  C.  Emerson,  B.  L.  Syket,  Ernest  Qlrard. 
TransHmen:  Assistants  — Edward  F.  Adams,  George  F.  Clark. 


Length  completed 0,S43.00  feet. 

Average  depth  of  excavation  to  1>ottam  of  nnderdraln,   .  .  IS-DO    " 

Greatest  depth  of  exdvatlon  to  bottom  of  nnderdcain,    .        .  19.00    " 

Average  width  top  of  trench 4JS0    " 

Average  width  botlom  of  trench 4.S0    " 

Cnbic  yards  excavation  per  linear  foot,  2.20, 

Approximate  coet  of  trench  per  llnfar  fool.  Including  aheettng  left  In,  excavation  and 
rellillng  below  masonry,  backBlllng,  etc.,  to  dale  (September  30),  $3.00. 

ChartKUr  of  Earth  Excavation.  ~^%Tii  and  gravel,  ledge,  boalders,  filling,  and 
very  flne  sand  containing  much  water. 

Jf (uonry. 
Contract  price :  — 
Brick-work,  American  cement  mortar,  per  cnblc  yard,        ....   (U  tiO 

Brick-work,  Portland  cement  mortar,  per  cubic  yard 17  00 

Concrete,  American  cement  mortar,  per  cubic  yard, C  BO 

Concrete,  Portland  cement  mortar,  per  cable  yard, 8  SO 

Diameters  of  uaderdraln  laid  and  length  of  each  size:  — 

4-lnch 1,213  fM. 

8.inch, 2,176    " 

S-lnch, 3,410    " 

lO-lnch 17i    " 

Approximate  cost  of  masonry  per  linear  loot,  Inclnding  uDderdratn,  donlileplafier- 

ing,  cheeee-cloth,  platform,  etc.,  to  date  (September  30),  $1.00. 
Length  of  masonry  completed, 9,343  AH. 
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The  pumpiDg  plant  ased  in  removing  the  ground-water  has  con- 
sisted of  two  six-inch  centrifugal  pumps,  one  being  used  at  each 
of  the  following  points :  at  the  comer  of  Charles  and  Middlesex 
Streets,  at  the  corner  of  Pleasant  and  Dartmouth  streets,  dfty 
feet  north  of  Clinton  Street,  fifty  feet  south  of  Winter  Street, 
twelve  hundred  feet  south  of  Fells  Station,  two  hundred  feet  south 
of  the  junction  of  Pleasant  and  Gould  Streets,  and  at  points 
respectively  eight  hundred  and  four  hundred  feet  south  of  Wyom- 
ing Avenue  on  Pleasant  Street.  The  maximum  amount  of  ground- 
water pumped  in  twenty-four  hours  during  the  time  of  the  greatest 
flow  is  estimated  to  have  been  about  720,000  gallons.  On  opening 
No.  2  there  was  a  shut-down  of  work  from  Feb.  13  to  April  8, 
1898,  on  account  of  cold  weather. 

Foundation.  —  Quicksand  was  encountered  as  follows :  in  Mid- 
dlesex street  for  a  distance  of  eight  hundred  feet  northerly  from 
Charles  Street,  three  hundred  and  fifteen  feet  north  of  Clinton  Street 
to  one  thousand  feet  north  of  Goodyear  Avenue,  one  thousand  three 
hundred  feet  north  of  Goodyear  Avenue  to  the  corner  of  Pleasant 
Street  and  Wyoming  Avenue.  The  fine  sand  has  been  removed  to 
a  depth  of  one  foot  below  the  bottom  of  the  sewer  and  replaced 
with  gravel  at  the  following  places :  Two  hundred  feet  north  from 
the  junction  of  Pleasant  and  Dartmouth  Streets  to  the  head  of  Dart- 
nnouth  Street,  and  from  four  hundred  feet  south  of  Fells  Station, 
sixty  feet  back  towards  the  same.  Piles  averaging  twenty-five 
feet  in  length  have  been  driven,  in  bents,  two  feet  apart  on  centres, 
with  eight-inch  by  ten-inch  caps  surmounted  by  two-inch  flooring, 
from  a  point  one  thousand  feet  north  of  Goodyear  Avenue  for  a 
distance  of  three  hundred  feet  northerly. 

Difficulties.  —  There  was  a  heavy  flow  of  water  at  the  corner  of 
Charles  and  Middlesex  Streets  and  at  the  corner  of  Pleasant  and 
Dartmouth  Streets.  Maiden  River  was  crossed  two  hundred  and 
fifty  feet  north  of  Centre  Street  in  Middlesex  Street,  and  Spot 
Pond  Brook  has  been  crossed  at  points  as  follows :  one  hundred 
and  sixty  feet  south  of  Winter  Street,  Maiden  ;  four  hundred  feet 
south  of  Fells  Station ;  one  thousand  four  hundred  and  fifty  feet 
north  of  Goodyear  Avenue  and  four  hundred  and  twenty  feet  south 
of  Wyoming  Avenue.  The  sewer  passed  under  the  Boston  & 
Maine  railroad  near  Goodyear  Avenue.  At  all  of  these  crossings 
the  masonry  has  been  increased  by  Portland  concrete  at  top  and 
bottom. 

Miscellaneous,  — About  two  thousand  feet  of  two-inch  land  tile 
has  been  laid  on  top  of  platform  on  each  side  of  concrete.  The 
surplus  earth  from  the  trench  has  been  taken  by  abutters. 


Skction  41  (Day  Work),  Malden. 
LocaiKm.  —  FTOio  tb«  bead  of  DutmoDlh  Street,  tbroDftb  priTau  l«od,  pond  of 
CocbniDe  Carpet  Compan?,  private  land,  Codirane  Reterroir   and 
priTtle  land  to  Honntaln  ATenne. 

Lenitth  of  Kction 1,011  feet. 

Dlameleri  or  Hwera  and  lengtb  of  each  aln :  — 

2  fCct  1  Inch  t)7  3  feet  2  IdcImb 314    " 

1  toot  8  Incbei  byStvste  Inche), 700    " 

■  AtiUtanlt  {Tear  ending  Stpt.  30,  J893J. 
Aiaiilant  Engineer  and  Inipecior :  Wjlbor  F.  Ooodrlcb. 
Foreman:  B. L.8rkes. 
Trualtnien:  ABtl(tant»  — Edward  F.  Adami,  Occn^F.  CUik. 

Lenitth  completed 1,014J»  feet. 

Average  depch  of  eicavatlon  to  bonom  of  comrele,        .        .       .  10.00    " 

Oreateai  depth  of  excaiatlon  to  bottom  of  coDcreie.                        ■  21.00    " 

Average  widlb  top  of  irencb S.CO    " 

Average  irldlb  bottom  of  trench S.30    " 

Cubic  f  arda  ezcavatloD  per  linear  foot,  3.00. 

Approximate  coat  of  trencb  per  linear  foot,  including  abeetlng  left  In,  excavation 
and  reQUing  below  maaonrj,  bocliQIUng.  etc.,  (9.50. 

CharacUr  of  Excavation.  —  Orsvel,  rewrvolr  aedlment,  aaad  aod  ledge. 

ilatonry. 
Coat  per  cubic  f  aid :  — 

Brich-work,  Portland  cement  monar,  per  cnblc  raid t22  BO 

Concrete,  Portland  cBmeni  mortar,  per  cubic  yard, B  00 

Diametera  of  nnderdraln  laid  and  length  of  eacb  alze :  — 

a-<nch, 60  feel. 

8-lnch 429    " 

Approximate  coat  of  maaoorf  per  linear  foot.  Including  nnderd rain,  etc  ,  94^10. 
Length  completed, 1,014  feel. 

Huonry  began,  June  14, 1892;  dniahed,  Nov.  IS,  1892. 
Approximate  coat  of  eectlon  per  linear  foot  or  trench  and  maaonry,   Inclndlng 
labor,  materiai  and  miscellaneoua  items,  f  14.60. 

Note. —  The  information  regarding  Section  41  (day  work)  following  thia  note 
relalei  aolely  to  tbe  year  ending  Sept.  30, 1893.  For  a  descriptlan  at  the  work  per- 
formed prior  to  thia  year,  aee  ilie  fourth  annnai  report. 

Excavation.  —  There  was  but  ooe  opeoiDg,  and  from  tbis  hoietiiig 
was  doDC  by  means  of  ao  iQCline.  The  extent  of  the  work  was 
one  hundred  and  twenty  feet,  comprising  Sfty  feet  of  ledge  work 
between  the  ponds  and  the  work  fi-om  the  upper  pond  to  the  end 
of  the  day  work.  The  ordinary  progress  per  week  was  fifteen  feet, 
and  was  uninterrupted  by  shut-downs.  A  six-inch  steam  pump  was 
located  at  Mountain  Avenue  and  took  care  of  the  ground-water 
encountered.  It  is  estimated  that  the  greatest  amount  of  gronnd- 
water  pumped  in  any  twenty-four  hours  was  720,000  gallons. 
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Foundation.  —  Betweea  the  ponds  the  foandation  was  upon 
ledge,  and  the  balance  of  the  way  it  was  upon  gravel.  The  con- 
crete of  the  sewer  rested  on  these  natural  foundations. 

Miscellaneous.  —  The  rock  gained  from  the  trench  operations  in 
Cochrane's  yard  was  left  there,  and  that  gained  in  Mountain 
Avenue  was  taken  away  and  used  by  the  city  of  Maiden.  The 
sewer  was  encased  in  concrete  masonry  to  prevent  leakage. 

Section  42,  Melrose  and  Stonehah. 

LoeaHon,^Ytom.  a  point  in  Wyoming  Avenue,  opposite  PlesMnt  Street  in  Melroee, 
to  a  point  in  the  same  avenue  in  Stonebam,  about  50  ftet  beyond  the 
town  line. 

Length  of  section,       • 3,050  feet. 

Diameter  of  sewer,  1  foot  (vitrified  bell  pipe) . 
Cimtraetor,  —  David  L.  Clements  of  Cleveland,  Ohio. 

During  the  year  ending  Sept.  30, 1893,  Mr.  Clements  acted  as  his  own  superintend- 
ent, with  Thomas  Veber  for  his  principal  foreman. 

StaU  AMtistasUa  {Year  ending  Sept.  30, 1893), 

Assistant  Engineer:  Wilbur  F.  Goodrich. 

Inspectors :  Henry  M.  Woodward,  B.  L.  Sykes. 

Transitmen :  Assistants —Edward  F.  Adams,  George  F.  Clark. 

Trench  and  Pipe. 

Length  of  trench  completed 3,000.00  feet.. 

Length  of  pipe  laid, 3,050.00    «« 

Average  depth  of  trench  excavation  to  bottom  of  gravel  refilling, .       •      11.40    ** 
Greatest  depth  of  trench  excavation  to  bottom  of  gravel  refilling, .       .      16.00    '* 

Average  width  top  of  trench, '.       .       .        5.00    '* 

Average  width  bottom  of  trench 2  99    " 

Cnbic  yards  excavation  per  linear  foot  of  trench,  1.70. 
Diameters  of  underdrain  laid  and  length  of  each  size :  — 

4.inch 600  f^t. 

S-lnch 1,479    " 

Pipe  work  begun,  Aug.  15, 1892;  finished,  May  25,  1893. 

Character  of  Earth  Bxcacation.  —  Comer  of  Pleasant  Street  and  Wyoming 
Avenue  to  Cleveland  Street,  very  fine  running  sand  with  plenty  of  water ;  Cleveland 
Street  to  Lynde  Avenue,  peat ;  Lynde  Avenue  to  a  point  four  hundred  feet  beyond 
Whittier  Street,  peat  and  coarse  sand ;  from  thence  to  a  point  250  fbet  beyond  the 
Ravine  Road,  ledge ;  flrom  thence  to  end  of  section,  coarse  sand. 

Masonry  {Man^holet). 
Contract  price :  — 

Brick-work,  American  cement  mortar,  per  cubic  yard,       ....  $16  00 

Brick-work,  Portland  cement  mortar,  per  cubic  yard,         .       .       .       .  18  00^ 

Concrete,  American  cement  mortar,  per  cubic  yard, 6  00 

Number  of  man-holes  built,  26. 

Approximate  cost  per  man-hole, $49  78 

Approximate  cost  of  section  per  linear  foot  of  trench  and  pipe  (with  man-holes) , 
including  labor,  material  and  inspection,  and  miscellaneous  items,  $4.00. 

NoTB.  —  The  information  regarding  Section  42  following  this  note  relates  solely  to 
the  year  ending  Sept.  30, 1893.  For  a  description  of  the  work  performed  prior  to 
this  year,  see  the  fourth  annual  report. 
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Excavation, — Steam  drills  were  used  in  preparing  for  blasting 
the  ledge  encountered.  The  excavated  material  was  thrown  out  by 
band.  Half-pound  Atlas  cartridges,  50  per  cent,  nitro-glycerine, 
were  used  for  blasting.  The  work  was  carried  on  from  two  open- 
ings :  Opening  No.  1  extending  from  near  Cottage  Street  to  Lynde 
Avenue,  a  distance  of  about  eight  hundred  and  seventy-eight  feet ; 
and  opening  No.  2,  from  Lynde  Avenue  to  a  point  about  three  hun- 
dred and  fifty  feet  beyond  the  Ravine  Road,  a  distance  of  about  one 
thousand  three  hundred  and  eighty-six  feet.  A  four-inch  steam 
pump  was  located  near  Trenton  and  Florence  Streets,  and  three  hand 
pumps  were  also  used.  It  is  estimated  that  144,000  gallons  was  the 
maximum  amount  of  water  pimped  in  twenty-four  hours  during  the 
time  of  the  greatest  pumping.  The  ordinary  progress  per  week 
at  openings  No.  1  and  No.  2  was  respectively  sixty-five  and  forty 
feet.  Two  shut-downs  took  place  :  one  on  account  of  a  strike  of 
the  contractor's  men  and  the  other  from  cold  weather. 

Foundation,  —  From  the  beginning  of  the  section,  opposite 
Pleasant  Street,  to  Lynde  Avenue,  excavation  was  made  to  a 
depth  of  one  foot  below  the  bottom  of  the  pipe  and  refilled  with 
broken  stone.  Where  ledge  was  encountered  it  was  replaced  by 
carefully  tamped  gravel  for  a  depth  of  six  inches  below  the  bottom 
of  the  pipe.  In  peat  the  excavation  was  carried  down  to  firm 
foundation  and  the  pipe  was  founded  on  and  surrounded  by  thor- 
oughly compacted*  gravel.  Fine  running  sand  was  encountered 
from  the  corner  of  Pleasant  Street  to  Cleveland  Street,  and  for 
this  distance  the  pipe  was  laid  in  a  cradle  covered  with  broken 
stone  such  as  was  described  in  last  year's  report. 

Difficulties.  —  From  Cleveland  Street  to  Lynde  Avenue  the  Spot 
Pond  Brook  culvert  ran  on  one  side  of  the  trench  and  a  16-inch 
oement  water  pipe  on  the  other,  the  width  between  the  two  being 
six  feet.  Some  difiSculty  was  presented  by  the  quicksand  from 
Pleasant  Street  to  Cleveland  Street,  and  by  the  ledge  from  a  point 
four  hundred  feet  beyond  Whittier  Street  to  a  point  two  hundred 
and  fifty  feet  beyond  the  Ravine  Road.  At  Cleveland  Street  the 
sewer  pipe  passed  under  Spot  Pond  Brook. 

Accidents,  — On  March  28,  Harry  Bedell,  while  running  a  steam 
drill,  struck  and  exploded  an  old  cartridge.  He  was  badly  bruised 
and  cut,  but  entirely  recovered  in  due  time. 

Miscellaneous,  — The  surplus  earth  on  this  section  was  used  by 
adjacent  land  owners. 
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Section  43,  Soiceryille  and  Cambridge. 

Location*  —  From  a  point  about  600  feet  southerly  from  the  Mystic  Pumping  Station, 
Somerrille,  extending  in  a  eonth-weeterly  direction,  near  Alewilb 
Brook,  croflsing  Broadway,  Somerville;  North  Avenue,  Middlesex 
Central  railroad,  the  Lexington  &  Arlington  Branch  railroad,  the 
Massacbasetts  Central  railroad*  and  the  Fitchbnrg  railroad,  to  Con- 
cord Avenue,  Cambridge;  with  branches  at  Broadway,  Somerrille ; 
at  the  Middlesex  Central  railroad :  and  the  Belmont  Branch  flrom  the 
extension  of  Spruce  Street,  Cambridge,  extending  nearly  parallel  with 
the  Massachusetts  Central  railroad  to  the  Belmont  town  line. 
Diameters  of  sewers,  and  length  of  each  size : — 
Main  line :  — 

2'  II"  X  3'  6" 2,760  feet. 

2'  6"  X  8'  1" 2.330  feet. 

2'3"X2'11", 1,730    " 

1'  II"  X  2'  9" 1,170    " 

6,230    " 

l'6"(TltrIfledpipe), 2,791    •• 

Belmont  Branch :  — 

1' 3"  (Titrifled  pipe) 8,581   ** 

Coniractora,  —  Metropolitan  Construction  Company  of  Boston,  Mass. 
Contractors*  Superintendent*  —  Oeorge  W.  Jndd. 

Coniraetora*  Principal  Foremen.  —  P.  Peroello,  Patrick  Porter,  Patrick  Lynch,  John 

Colleran. 

StiUe  Aaaietanta. 

Assistant  Engineer :  Francis  L.  Sellew. 

Inspectors :  Oeorge  A.  Chase,  John  D.  Collins,  Paul  Hill,  Samuel  P.  McKenzie, 

Patrick  McCarthy. 
Transitmen :  Principals  ~  Hartley  L.  White,  Edward  S.  Foster,  Oeorge  E.  Howe. 
*<  Assistants  — Oeorge  P.  Chase,  Nathan  B.  Wilber,  W.   Oordon 

Crispin. 

Trench  and  Tunnel. 


LargMt 

Size 
Masonry 

Sewer, 
Main 
Line. 


Smaller 

Sizes 
Masonry 

Sewer, 
Main 
Line. 


rCPlpe, 
Main 
Line. 


rs'PIpe, 

Belmont 

Branch. 


Length  of  trenoh  completed,  feet, . 
Length  of  tunnel  completed,  feet,  . 
Average  depth  of  trench  excavation  to  bottom  of 

nnderdraln,  feet, 

4jlreatest  depth  of  trench  excavation  to  bottom  of 

nnderdraln,  feet, 

Average  width  top  of  trench,  feet,         .       . 
Average  wldib  bottom  of  trench,  feet,  . 
Average  depth  from  surface  of  ground  to  bottom 

of  tunnel  underdrain,  feet,  .... 
•Greatest  depth  from  surface  of  ground  to  bottom 

of  tunnel  underdrain,  feet,  .... 
Average  width  of  tunnel  excavation,  feet,  . 
Volume  of  trench  excavation  per  linear  foot,  cubic 

yards, 

Volume  of  tunnel  excavation  per  linear  foot,  eubio 

Approximate  eost  of  trench  or  tunnel  exeavation 
per  linear  foot,  including  sheeting  left  in,  ex 
cavation  and  refilling  below  masonry,  back 
filling,  etc.  to  date  ^September  30),    . 


1,488.00 


20.00 


80.00 
7.00 
5.60 


4.4 


$4  30 


3,298.00 
100.00 

10.50 

16.00 
4.80 
4.80 

10.00 

17.00 
4.50 

1.9 

.9 


$2  70 


2,795.00 


7.0 

10.0 
4.5 
4.5 


1.2 


$2  10* 


8,581.00 


7.0 


11.0 
4.5 
4.5 


1.2 


$2  05* 


*  Including  pipe. 
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Character  of  Earth  Excavaticn,  —  Main  line  banning  at  lower  end  of  sectloir  and 
extending  sontberly  a  distance  of  abont  one  thoniand  four  hundred  and  fifty  lbet» 
strata  consisting  of  one  foot  of  loam  on  three  to  fiye  feet  of  sand,  hard-pan  to  bottom 
of  trench ;  from  a  point  aboat  five  hundred  feet  north-easterly  from  North  Avenne 
to  a  point  abont  five  hundred  feet  south-weaterly  from  the  same  avenue,  a  two-foot 
stratum  of  clay  on  a  four-foot  one  of  sand,  with  blue  clay  beneath,  —  from  thenoe  in 
the  same  direction  to  the  Middlesex  Central  railroad,  a  two-foot  stratum  of  peat 
with  fine  sand  below ;  flrom  Spruce  street  to  Concord  Avenue,  a  stratum  of  three 
feet  of  peat,  with  fine  sand  below :  Belmont  branch  for  fifteen  hundred  feet  from 
Spruce  Street,  three-foot  stratum  of  peat  with  fine  sand  below ;  thence  to  Fitchburg 
railroad,  all  peat;  beyond,  grarel  and  fine  sand. 

Masonry » 
Contract  price:— 

Brick-work,  American  cement  mortar,  per  cubic  yard,  4  inches  thick,       •  $18  95 

More  than  4  inches  thick, 18  66 

Brick-work,  Portland  cement  mortar,  per  cubic  yard,  4  inches  thick,        •      15  76 

More  than  4  inches  thick, 16  46 

Concrete,  American  cement  mortar,  per  cubic  yard, 6  60 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 8  26 

Diameters  of  underdrain  laid  and  length  of  each  siie :  — 

6-inch 170ftet. 

S-Inch. 8,621    «« 

10-Inch. 827    " 

Approximate  cost  of  masonry  per  linear  foot  of  excavation,  including  underdrain, 

etc.  to  date  (September  30) :  — 

Largest  size  (trench) ....$430 

Smaller  sixes  (trench  and  tunnel) 4  00 

Lengthcompleted,  trench,  4,040 feet;  tunnel,  100 feet,    ....      4,140  feet. 

Masonry  was  begun  May  1, 1883,  and  is  now  (September  80)  in  progress. 

Pipe. 

Contract  price  (including  excavation,  pipe  and  laying,  etc.)  :  — 

Ifain  line,  1'  6''  vitrified  pipe,  per  linear  foot, $1  95 

Belmont  branch,  1' 3'' vitrified  pipe,  per  linear  foot, 189 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

fi-lnch, *   •      1,366  feet* 

S-inch, 8,624    «• 

Length  of  sewer  pipe  laid :  — 
Main  line,  1'  6'',  2,791  feet;  Belmont   branch,  1'  3",  8,581  feet,— 

6,372  feet. 
Pipe  laying  begun,  Nov.  24, 1892;  finished,  Aug.  7,  1893. 

Approximate  cost  of  section  per  linear  foot  of  excavation,  masonry  and  pipe,  includ- 
ing labor,  material  and  inspection  and  miscellaneous  items  to  date  (September 
30): 

Main  line:  — 

Largest  size  masonry  sewer $940 

Smaller  sizes  masonry  sewer, •       .       7  40 

1'  6"  pipe  sewer, *  50 

Belmont  branch,  1'  3''  pipe  sewer,     ......•••       4  00 

ExcavoXion  {Main  Him).  —  Operations  were  pursued  from  five 
open  cuts  and  one  tunnel,  as  follows :  —  Open  cut,  foot  of  Spruce 
Street,  begun  Nov.  24, 1892,  south-easterly  for  about  two  thousand 
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eight  hundred  feet,  by  hand  method ;  open  cat,  foot  of  Spnioe 
Street,  beginning  May  15,  1893,  north-westerly  for  about  six 
hundred  feet,  by  hand  method ;  open  cut  at  lower  end  of  section, 
beginning  May  1,  1893,  about  one  thousand  four  hundred  and 
fifty  feet  in  a  southerly  direction,  by  trench  machine ;  open  cut 
at  North  Avenue,  beginning  June  24,  1893,  south-westerly  for 
about  two  thousand  two  hundred  and  forty-six  feet,  by  hand 
method ;  open  cut  at  North  Avenue,  beginning  Aug.  22,  1893, 
north-easterly  for  about  five  hundred  feet,  by  hand  method ;  tun- 
nel under  North  Avenue,  beginning  Aug.  23,  1893,  a  distance  of 
about  one  hundred  feet,  an  incline  being  used  to  remove  the 
material  excavated  through  the  shaft.  The  ordinary  progress  per 
week  at  these  openings,  in  the  order  named,  was  about  as  follows : 
three  hundred,  one  hundred  and  fifty,  ninety-six,  three  hundred, 
two  hundred,  twenty-five  feet.  The  distribution  of  the  pumping 
plant  has  been  as  follows :  A  four-inch  pulsometer  at  the  lower 
end  of  the  section ;  an  eight-inch  centrifugal  pump  at  a  point  about 
one  hundred  and  fifty  feet  southerly  from  North  Avenue  ;  a  six- 
inch  centrifugal  pump  near  the  Middlesex  Central  railroad ;  a 
four-inch  pulsometer  at  the  foot  of  Spruce  Street.  It  is  estimated 
that  125,000  gallons  of  water  were  pumped  per  twenty-four  hours 
during  the  time  of  maximum  pumping. 

Excavation  (Belmont  branch),  —  Work  was  started  Nov.  24, 
1892,  at  the  foot  of  Spruce  Street,  Cambridge,  from  which  trench 
operations  have  extended  for  a  distance  of  about  three  thousand 
five  hundred  and  eighty-one  feet.  The  ordinary  progress  per 
week  has  been  about  two  hundred  feet.  The  pumping  of  ground- 
water has  been  done  by  a  six-inch  centrifugal  pump  at  a  point 
about  fourteen  hundred  feet  from  Spruce  Street,  and  an  eight- 
inch  centrifugal  pump  at  a  point  about  eighteen  hundred  feet  from 
the  same  street.  During  the  time  of  maximum  pumping  it  is 
estimated  that  250,000  gallons  of  water  were  pumped  in  twenty- 
four  hours.  Work  was  shut  down  on  all  parts  of  the  section  from 
Dec.  30,  1892,  to  April  17,  1893,  on  account  of  cold  weather. 

Foundation  (Main  line),  —  In  the  opening  at  the  lower  end  of 
the  section  the  bottom  of  the  trench  was  of  hard-pan.  From  a 
point  about  one  hundred  feet  north-easterly  from  North  Avenue  to 
a  point  about  five  hundred  feet  southerly  from  that  avenue  the 
bottom  of  the  trench  was  excavated  to  fit  the  invert  of  the  sewer. 
From  a  point  about  five  hundred  feet  southerly  from  North  Avenue 
to  the  Middlesex  Central  railroad,  and  from  Spruce  Street  to  Con- 


sge  depth  of  about  ooe  and  one-half  feet  below  the  bottom  of  the 
masonry.  This  space  was  filled  with  Bcreened  gravel  at  the  firat 
of  these  places,  and  with  crushed  stone  at  the  second. 

Foundation  {Belmont  branch).  —  The  bottom  of  the  trench  for 
nearly  the  entire  length  has  been  excavated  to  an  average  depth 
of  one  and  one-half  feet  below  the  bottom  of  the  masonry.  The 
space  thus  left  has  been  tilled  with  crushed  stone.  For  a  distance 
of  about  one  thousand  feet,  from  the  upper  end  of  the  section  to 
a  point  about  fifteen  hundred  feet  south- westerly  from  Spruce 
Street,  piles  averaging  about  thirty  feet  in  length  have  been 
driven  in  bents  of  tivo  and  capped  with  four-inch  by  eigbt-inch 
spruce. 

Miscelianeoua.  —  The  main  sewer  has  crossed  once  each  under 
the  Middlesex  Central  and  the  Uassacfausetts  Central  railroads, 
and  twice  under  the  Fitchburg  railroad,  and  has  crossed  under  the 
Alewife  Brook  at  the  foot  of  Spruce  Street.  At  all  of  these  points 
the  aewer  arch  was  increased  by  six  inches  of  Portland  concrete. 
The  railroad  tracks  were  supported  by  timbers  during  the  time  of 
crossing.  The  surplus  earth  has  so  far  all  been  left  within  the 
taking  lines. 

Section  43J  (Conthact  Work),  Medfoed  and  Sokerville. 

Location.  —  From  the  janctloQ  of  Csn&l  and  Frescott  Stre«U,  HAdford,  through 
Canal  Screel  to  within  25  feet  of  Mystic  Rirer  (tearinR  149 
te«t  at  ibe  river  to  be  done  dlieni/  hj  the  Slate) ;  rrom  GO  feet 
flontherl;  of  M;Bttc  Rlrer,  tbronxh  Boeton  ATeoue  and  pHfite  land 
to  n  point  aboQt  600  feet  BODlherIf  from  the  Mj'stic  PnmplDg  Station 
—  omiittngfrom  the  contract  work  a  epace  of  about  118  fset  tortbe 
pumping  e tat Lon  wblch  It  Is  proposed  to  have  litnalcd  about  300  feel 
southerly  tiam  tbe  Mysilc  Pumping  Station. 

Diameters  ofeewcrs  and  lenglb  of  each  gize:-— 

3  feet  by  3  feel  7  tnche 2,056  feeU 

2  feet  II  Incbes  hy  3  fCet  Q  Inches 2S6    " 

Coiilracion.  —  Metropnlitao  ConsUTictlon  Company  of  Boston,  Mass. 

Coittraclori'  Superintendent.  —  George  W.  Jndd. 

Contractors'  Principal  Fortmtn.  —  James  Long,  Patrick  Porter. 

State  Aisiitanti. 
Assistant  Engineer  i  Francis  L.  Sellew. 
Inspeclor:  Oeor)»  A.  Chase. 
Transltmen :  Principal  —  George  E.  Howe. 

"  Assistants  — Nathan  B,  Wllber,  W.  Qordon  Crijplii. 
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Trench. 

Length  completed, 2,327.00  feet. 

Average  depth  of  excavation  to  bottom  of  anderdrain,    ....      13.10    ** 
Greatest  depth  of  excavation  to  bottom  of  anderdraiD,   ....     22.20    " 

Average  width  top  of  trench 6.00    " 

Average  width  bottom  of  trench, 6.00    " 

Cubic  yards,  excavation  per  linear  foot,  2.67. 

Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left  in, 
excavating  and  refilling  below  masonry,  backfilling,  etc.,  $4.00. 

Character  of  Earth  Excavation,  —  In  Canal  Street,  sand  and  gravel  to  within  fonr 
or  five  feet  of  water  line,  with  sandy  clay  below ;  in  Boston  Avenne,  gravel  filling  to 
water  line ;  private  land  to  Mystic  Pnmping  Station,  three  or  four  feet  of  ashes,  with 
bard  gravelly  clay  below ;  upper  two  hundred  feet  of  section,  one  and  one-half  feet 
of  loam,  then  indnrated  clay  to  within  four  feet  of  water  line,  with  soft  blue  clay 
below. 

Masonry. 
Contract  price :  — 

Brick-work,  American  cement  mortar,  per  cnbie  yard,       ....  f  12  60 
Brick-work,  Portland  cement  mortar,  per  cubic  yard,         .        .       •       .      14  26 

Concrete,  American  cement  mortar,  per  cubic  yard, 0  76 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 7  60 

Diameters  of  nnderdrain  laid  and  length  of  each  size :  — 

2-Inch, Mfeet. 

6-inch, 1,290    " 

10-inch 672    «» 

Approximate  cost  of  masonry  per  linear  foot  of  trench,  including  nnder- 
drain, etc, $6  60 

Length  of  masonry  completed 2,812  feet. 

Masonry  begnn,  June  2, 1893;  finished,  Sept.  20, 1893. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  masonry,  including 
labor,  material  and  inspection,  and  miscellaneous  items,  ^11.60. 

Excavation.  —  The  excavating  has  been  done  by  open  cut  and 
as  shown  below :  — 


Opening  No.  1. 


Opening  No.  2. 


Opening  No.  3. 


Date  of  starting,    . 
Point  of  beginning, 

Point  of  ending,    . 

Extent,    . 

Ordinary   progress 
per  week. 

Appliances  used,    . 


May  24, 189S,      . 

600  feet  sonth  of  Mys- 
tic Pamping  Station. 


May  81, 1808,      . 

20O  feet  sonth  of  Mys- 
tic Pumping  Station. 


340  feet  south  of  M  vs-    East  bank  of  Mystic 
tic  Pumping  Station.'      River  near  Boston 

Avenne. 


260  feet, 
96  feet, 

Trench  machine, 


1,202  feet,    . 
120  feet,    . 

Thrown  ont  by  hand. 


Jaly  19, 1803. 

West  bank  of  Mystic 
River. 

Jnnction  with  Section  21 
at  corner  of  Prescott 
and  Canal  Streets. 

706  feet. 

160  feet. 

Derricks  for  first  two 
hundred  feet,  trench 
machine  for  five  hun- 
dred feet. 


eter  &t  a  point  about  six  baadred  feet  south  of  Mystic  Pomping 
Station  and  &  siz-incb  centrifugal  pump  io  Canal  Street,  tbe  esti- 
mated maximuin  amouat  pumped  in  any  twenty-four  boors  being 
216,000  gallons.    Tbe  excavation  work  was  carried  on  continaonely. 

Foundation.  —  Tbe  bottom  of  tbe  trench  was  shaped  to  fit  the 
Invert  of  the  sewer  for  two  hundred  and  five  feet  in  Canal  Street, 
six  hundred  and  twenty-three  feet  in  Boston  Avenue  and  private 
land,  Bad  for  two  hundred  feet  at  tbe  upper  opening.  For  a  dis- 
tance of  five  hundred  and  Urn  feet  in  Canal  Street  tbe  underlying 
fine,  sandy  clay  was  removed  to  a  depth  of  from  six  to  eighteen 
inches  below  the  bottom  of  the  masonry  and  replaced  with  gravel ; 
and  for  a  distance  of  seventy  feet  on  Boston  Avenue  it  was  re- 
moved to  a  depth  of  from  one  to  four  inches  and  replaced  with 
concrete.  Pile  driving  was  resorted  to  for  one  hundred  feet  in 
Boston  Avenne  and  in  tbe  marsb  toward  tbe  river.  The  piles 
were  from  ten  to  twenty  feet  long,  driven  in  bents  of  two,  and  tbe 
tops  capped  with  eight-inch  by  eight-inch  spruce  timber. 

Miscellaneous.  —  The  sewer  was  built  without  difficulty  under 
tbe  Southern  Division  of  the  Boston  &  Maine  railroad  in  Canal 
Street.  Tbe  arcb  was  here  reinforced  with  six  inches  of  Portland 
concrete.  Fourteen-incb  by  sixteen-incb  yellow  pine  timber  was 
placed  under  the  tracks,  one  timbernnder  each  rail.  The  arch  for 
four  hundred  feet  near  Mystic  Pumping  Station,  and  for  thirty  feet 
on  each  side  of  Mystic  River  was  also  reinforced  with  concrete. 
For  thirty  feet  near  the  Mystic  River  in  Medford  tbe  crown  of  the 
arcb  comes  within  one  to  three  feet  of  the  natural  surface.  For  a 
distance  of  two  hundred  and  fifty  feet  near  tbe  Mystic  Pumping 
Station  in  Somerville  tbe  eewer  arcb  is  within  two  to  three  feet  of 
the  natural  surface.  An  embankment  increasing  in  height  from  a 
few  inches  to  seven  and  one-half  feet  above  the  natural  surface 
has  been  built  over  the  sewer  on  the  marsh  near  Boston  Avenue, 
and  one  increasing  in  the  same  manner  to  five  feet  has  been  built 
south  of  the  Mystic  Pumping  Station,  Somerville.  The  remaining 
portion  of  the  surplus  earth  on  this  section  baa  been  left  on  private 
land,  with  the  owners'  consent. 
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Section  44,  Wikchesteb. 

Location,^ From  a  point  on  the  easterly  side  of  the  Boston  &  Lowell  railroad  about 
150  feet  sontberlj  from  Mjstic  Station,  mnning  northerly  crossing 
Baoon  JStreet  and  through  prlyate  and  railroad  land,  crossing  the 
Boston  &  Lowell  railroad  abont  300  feet  southerly  from  Winchester 
Station ;  thence  on  the  westerly  side  of  the  railroad  through  Common 
and  Main  Streets,  crossing  Wedge  Pond  Calyert  to  Lake  Street; 
thence  through  priyate  lands,  and  crossing  Blind  Bridge  Street  and 
the  Wobam  Branch  railroad ;  thence  along  the  north-easterly  side 
of  the  railroad  to  a  point  about  COO  feet  south  of  Beggs  &  Cobb's 
tannery. 
Diameters  of  sewers  and  length  of  each  size :  — 

2  feet  7  inches  by  2  feet  11  inches, 8,078  feet. 

2  feet  3  inches  by  2  feet  6  inches, 1,622   <« 

2  feet  by  2  feet  5  Inches, 908   « 

Contractor,  —  Jones  &  Meehan  of  Jamaica  Plain,  Mass. 
Contractors*  Superintendent.  —  James  D.  Fallon. 


State  Asaiitante, 

Assistant  Engineer :  Edmund  S.  Dayis. 

Inspectors :  Lucius  M.  S.  Horton,  Warren  A.  Bogers. 

Transitmen :  Principal  —  Paul  W.  Rowell. 

*<  Assistants  —  George  R.  Winslow,  Joseph  M.  Mahoney . 


Trench  a$id  Tunnel. 

Length  completed  of  trench  excavation, 8,023.00  feet. 

Length  completed  of  tunnel  excaration, 198.00    <* 

Ayerage  depth  of  trench  excavation  to  bottom  of  underdrain,       .  13.30    " 

Greatest  depth  of  trench  excavation  to  bottom  of  underdrain,       .  16.30    *< 

Average  width  top  of  trench, 4.50    " 

Average  width  bottom  of  trench, 4JS0    « 

Average  depth  from  surfiice  of  ground  to  bottom  of  tunnel  under- 
drain:— 

Under  Bacon  Street, 28.00    *< 

In  freight  yard  and  under  railroad, 13.00    « 

Greatest  depth  Irom  surface  of  ground  to  bottom  of  tunnel  under- 
drain,    28.00    " 

Average  width  of  tunnel  excavation 5.00    << 

Cubic  yards  trench  excavation  per  linear  foot,  2.00. 
Cubic  yards  tunnel  excavation  per  linear  foot,  1.00. 
Approximate  cost  of  trench  per  linear  foot,  including  sheeting  left  in,  excavation  and 

refilling  below  masonry,  back  filling,  etc.,  to  date  (September  30),  $4.00. 
Approximate  cost  of  tunnel  excavation  per  linear  foot,  including  excavation  and 
refilling  below  masonry,  back  filling,  etc.,  to  date  (September  30),  $3.60. 

Character  of  Earth  Excavation.  —  For  abont  three  hundred  feet  from  the  southerly 
end  of  the  section,  sand  and  then  coarse  sand  and  gravel .  For  about  one  hundred  and 
twenty  feet  in  the  freight  yard  there  was  some  ledge.  Near  the  Winchester  Station 
and  in  Common  Street  fine  sand  was  found  in  the  lower  part  of  the  trench.  The 
balance  was  sand  and  gravel. 
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Matonry, 
Contract  price :  — 

Brick-work,  American  cement  mortar,  per  cubic  yard,        ....   S14  00 

Brick-work,  Portland  cement  mortar,  per  cubic  yard,         .       .        .        .      17  00 

Concrete,  American  cement  mortar,  per  cable  yard, 7  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 9  00 

Diameter  of  underdrain  laid,  and  length :  — 
8-inch, 3,221  feet. 

Approximate  cost  of  masonry  per  linear  foot  of  excavation,  inclnding  anderdrain, 
etc.,  to  date  (September  30) :  — 

Trench, f  4  70 

Tunnel, 8  10 

Lengths  of  masonry  completed :  — 

Trench, 2,949  feet. 

Tunnel, 198    " 

Masonry  was  begun  in  trench :  concrete,  June  21, 1893;  brick  masonry,  June  22, 
1893—  is  now  (September  30),  in  progress. 
Masonry  begun  in  tunnel,  July  27, 1893 ;  finished,  Sept.  14, 1893. 

Approximate  cost  of  section  per  linear  foot  of  excavation  and  maaonry,  inclnding 
labor,  material  and  inspection,  and  miscellaneous  items  to  date  (September 
30):  — 

Trench $9  00 

Tunnel, U  70 

Excavation,  —  On  the  easterly  side  of  the  railroad  the  earth 
was  thrown  out  of  the  trench  by  hand.  On  the  westerly  side  of 
the  railroad,  beginning  at  a  point  about  two  hundred  feet  southerly 
from  the  Winchester  Station,  a  trench  machine  was  used.  Further 
information  regarding  the  excavation  by  openings  —  all  open  cut 
—  is  shown  in  the  tabular  statement  below  :  — 


Opening  No.  1. 


Opening  No.  2.      Opening  No.  3.  |   Opening  No.  4. 


Date  of  starting,     . 
Point  of  beginning, 

Point  of  ending,     . 


Ordinary    progress 
per  week. 


June  13, 1803.   . 

Back  of  Mystic 
Suiion. 

Southerly  end  of 
freight  yard. 


About  50  feet,  . 


June  26, 1893,     . 

Southerly  end  of 
freight  yard. 

300  feet  south  of 
Winchester 
Station. 

About  60  feet,    . 


I  July  18, 1893,    . 

I 

South  of  Bacon 
Street. 

Back  of  Mystic 
Station. 


About  50  feet, 


Aug.  11, 1893. 

South  of  Win. 
Chester  Station. 

Near  the  inter. 
section  of  Com- 
mon and  Church 
StreeU. 

About  150  feet. 


Opening  No.  2  includes  two  bores  under  branch  tracks  and  one 
under  main  line  track,  of  the  aggregate  length  of  one  hundred  and 
forty  feet.  Opening  No.  3  includes  about  fifty- eight  feet  of  tunnel 
under  Bacon  Street.  Two  centrifugal  pumps,  one  four-inch  and 
one  six-inch,  have  been  used  along  the  line  at  pump  wells  about 
five  hundred  feet  apart,  with  the  exception  that  the  distance 
between  the  first  two  wells  was  about  one  thousand  three  hundred 
feet.  At  the  time  of  the  maximum  pumping  it  is  estimated  that 
1,200,000  gallons  of  ground-water  was  removed  in  twenty-four 
hours.     The  work  of  excavation  was  carried  on  continuously. 
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Foundatioji,  —  Od  the  easterly  side  of   the  railroad,  near  the 

/  freight  house,  the  UDderlying  earth  in  the  trench  was  removed  to 

a  depth  of  from  six  inches  to  one  foot  below  the  bottom  of  the 

masonry   and   replaced  with  gravel.      The  same  was  also  done 

beside  the  Winchester  Station  and  in  a  portion  of  Common  Street. 

Difficulties,  —  Between  Mystic  Avenue  and  the  freight  yard 
about  one  hundred  feet  of  retaining  wall  by  the  side  of  the  river 
had  to  be  removed  and  the  sewer  built  in  the  foot  of  the  wall 
between  the  river  and  the  railroad.  From  the  beginning  of  the 
section  to  the  freight  yard  the  line  of  the  sewer  is  parallel  with, 
about  twelve  feet  easterly  from,  and  about  five  feet  below  the  line 
of  the  old  Mystic  Valley  sewer.  Near  the  northerly  end  of  the 
freight  yard  the  Metropolitan  sewer  passes  under  this  old  sewer. 
The  tunnels  under  the  railroad  tracks  and  at  Bacon  Street  were 
filled  with  concrete  outside  of  the  brick  masonry  of  the  sewer. 
Through  the  yard  the  brick  masonry  was  reinforced  with  concrete 
to  a  point  about  six  inches  over  the  arch.  At  the  Mystic  Valley 
sewer  crossing,  the  arch  of  the  Metropolitan  sewer  was  covered 
with  concrete  and  a  concrete  pier  built  up  to  the  springing  line  of 
the  Mystic  Valley  sewer. 

Miscellaneous,  —  The  arch  of  all  the  sewer,  except  where  other- 
wise specified  above,  was  covered  with  ^Portland  cement  plaster,  to 
lessen  the  percolation  of  water.  South  of  the  retaining  wall  north 
of  Mystic  Avenue  about  twenty-six  feet  of  the  bank  of  the  river 
was  protected  with  hand-laid  rip-rap.  Most  of  the  surplus  earth 
gained  in  the  sewer  operations  has  been  used  by  people  in  Win- 
chester, for  filling. 

Section  44 J,  West  Medford  and  Winchester. 

Location.  —  From  the  southerly  end  of  section  22,  In  Medford,  near  the  outlet  of  the 
Mystic  Valley  sewer  at  the  lower  Mystic  Lake,  along  the  lx?d  of  the 
old  Middlesex  Canal  and  through  private  and  railroad  lands  on  the 
westerly  side  of  the  Boston  &  Lowell  railroad,  crossing  the  Abbigona 
River  and  across  said  railroad  to  a  point  on  its  easterly  side  about  one 
hundred  and  fifty  feet  southerly  from  Mystic  Station  In  Winchesier. 
The  proposed  pipe  crossing  at  Abbajona  Riyer  is  not  embraced  in  the 
contract  work. 

Length  of  section, 2^,681  feet. 

Diameters  of  sewers  and  length  of  each  size :  — 
2  feet  11  inches  by  3  feet  3  inches,   .......      3,298    " 

2  feet  9  inches  by  3  feet  1  inch, 2,306-  " 

Proposed  pipe  crossing  at  Abbigona  River  (to  be  let  in  another 

contract), 80    " 

Contrctctora.  —  Weaving,  Booth  &  Co.,  of  Dorchester,  Mass. 

Contractors'  Superintendent,  —  A.  E.  Weaving,  a  member  of  the  above-named  firm. 


iDfpector:  M.  F.  Gftrr*. 
Timnaltmen :  Frtndp«a  —  Attbnr  Henri  Pnti. 
"  Aiilituit  — JoMph  H.  Hahooer. 

Lenglh  completed I,G83J»  fMt 

Avenge  depth  ol  excftratkiD  to  bottom  of  muonry,  S.OO    " 

Oreateii  depth  orexckTBtlon  to  bottom  ofnuoaij,       ,  .  16.00    " 

ATenge  vldtb  top  o(  trench S.DO    " 

ATCiBge  widtb  bottom  of  treocb UO    " 

Cubic  yards  ezcaTstlon  per  lioear  foot,  1.41. 

Approximate  coal  of  bench  per  linear  foot,  inclndlng  eicaT«tion  and  refllUng  beknr 
maaoDTT,  bachBlliDg,  etc  ,  to  date  (September  30)  fUO. 
Chanmttr  of  Earth  Excaixition.  —  Sand  and  gravel,  a  fbw  boutden ;  tome  pMt 
Joit  north  oftbe  AbbiOona  River. 

Maionry. 
Contract  price ;  — 
Brlck-vork,  Americna  cement  mortar,  pei  cable  f  ard,        ....   f  11  75 

Brick-work,  Portland  cement  mortar,  per  cubic  jard 13  !0 

Concrete,  American  cement  mortar,  per  cnblc  jud 3  U 

Concrete,  Portland  cement  mortar,  per  cnblc  ^ard 4  89 

Dlametera  of  onderdraln  laid  and  length  of  each  iize:  — 

6-Inch ess  feet. 

8-Inch SOB    " 

Approximate  coat  or  masoni7  per  linear  foot  of  trench,  inclnding  nnderdratn, 
etc.,  to  date  (September  30),  f3.30. 

Length  of  maionry  completed, 1,3S0  feet- 

Hasonr;  waa  begun:  concrete,  Sept.  2,  18S3;  brick  masonry,  Sept.  6,  1893  —  li 
now  (September  3D)  In  progrei*. 

Approximate  coat  ot  section  per  linear  foot  of  excaTation  and  maaoory,  indndlng 
labor,  material,  inspection,  and  miscellaneous  iumt  to  date  (September  30), 
$S.30. 

Excavation.  —  The  earth  haa  tbns  far  been  thrown  out  of  tbe 
trench  by  hand,  and  the  work  baa  proceeded  from  two  opea  cats. 
The  flret  of  these  was  begun  Aug.  28,  1893,  at  a  point  abont  one 
thousand  nine  hundred  feet  south  of  the  Abbajona  River,  opera- 
tions from  which  have  extended  a  distance  of  about  one  thousand 
three  hundred  and  flfty-sis:  feet  to  a  point  about  one  hundred  feet 
north  of  Bacon's  Private  Way.  The  second  opening  was  begun 
Sept.  19,  189S,  just  north  of  the  above-named  river,  and  the  work 
from  it  has  now  covered  a  distance  of  about  two  hundred  and 
twenty-seven  feet  to  the  Boston  &  Lowell  railroad  crossing  about 
three  hundred  feet  aoutherly  from  Mystic  Station.  A  four-inch 
centrifugal  pump  was  used  near  the  beginning  of  the  first  opening, 
the  maximum  amount  of  ground-water  handled  by  it  in  any  twenty- 
four  hours  being  estimated  to  be  50,0(30  gallons.  The  ordinary 
progress  per  week  at  tbe  two  openings  was  as  follows  :  First 
opening,  about  three  hundred  and  forty  feet;    second  opening, 
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aboat  one  hundred  and  fifty  feet.    The  operations  have  been  free 
from  shat-downs. 

Foundation.  —  The  bottom  of  about  one  thousand  feet  of  the 
trench  extending  southerly  from  Bacon's  Prirate  Way  has  been 
shaped  to  fit  the  invert  of  the  sewer.  The  unstable  foundation 
met  for  the  first  sixty-three  feet  of  opening  No.  1  was  removed  to 
a  depth  of  about  eight  inches  below  the  bottom  of  the  masonry  to 
the  sand  and  gravel  beneath,  and  the  intervening  space  filled 
with  gravel.  Excavation  below  the  bottom  of  the  masonry  was 
also  made  for  the  first  seventy-nine  feet  of  the  second  opening. 
The  greatest  depth  here  below  grade  was  at  the  beginning,  where 
it  was  about  3.37  feet,  —  the  average  depth  being  2.04  feet.  The 
refilling  was  done  with  American  concrete. 

Difficulties.  —  The  sewer  crosses  under  the  Boston  <&  Lowell 
railroad  at  a  point  about  two  hundred  and  fifty  feet  south  of  the 
Mystic  Station,  and  the  arch  is  here  re-enforced  with  Portland 
concrete  to  a  point  six  inches  above  the  crown. 

Miscellaneous,  —  About  eighty  feet  of  the  sewer  arch  north  of 
the  Abbajona  River  is  above  the  surface.  The  greatest  height 
above  is  about  3.8  feet.  This  exposed  arch  will  be  protected  by 
an  embankment  made  from  the  surplus  earth  gained  in  excavation. 

Section  45,  Winchester. 

Location.  —  From  a  point  on  the  northerly  side  of  the  Wobarn  Branch  railroad 
abont  fire  hundred  feet  south  of  Beggs  &  Cobb's  tannery  on  the  north- 
westerly side  of  Wedge  Pond,  through  private  and  railroad  lands, 
crossing  Swanton  and  Cross  Streets  and  the  Boston  &  Lowell  railroad 
to  Washington  Street,  near  the  entrance  to  Calvary  Cemetery. 
Diameters  of  sewers  and  length  of  each  size :  — 

2  feet  by  2  feet  5  inches, 4,540  feet. 

1  foot  10  inches  by  2  feet  3  inches, 1,968    ** 

Contractors.  —  Everson  &  Liddle  of  Providence,  R.  I. 

Contractors*  Superintendent.  —  J.  J.  Brerson,  a  member  of  the  above-named  Arm. 

Contractors*  Principal  Foreman,  —  John  J.  Galligan. 

SteUe  Assistants. 

Assistant  Engineer :  Edmund  8.  Davis. 
Inspectors :  £.  A.  Clark. 
Transitman:  Principal  —  Guy  C.  Emerson. 
**  Assistant—  J.  T.  P.  Jones. 

Trench. 
Length  completed, 6,608.00  feet. 

Average  depth  of  excavation  to  bottom  of  nnderdrain,    ....  9.60    " 

Greatest  depth  of  excavation  to  bottom  of  nnderdrain,   ....  19.40    " 

Average  width  top  of  trench 3.85 

Average  width  bottom  of  trench, 3.86 

Cubic  yards  excavation  per  linear  foot,  1.28. 


II 


Chanteltr  of  Barth  Bxeavation.  —  First  seven  hundred  feet,  tan  bixk  to  near  the 
Mwer  bottom  i  For  aboat  eight  haadred  teei  north  from  Smnton  Slreel,  loamj  peal 
on  earfbie,  sand  and  gravel  belov ;  along  the  line  of  Croa*  Street,  coarae  land  and 
gravel  wlih  the  exception  that  there  waa  peat  for  about  280  (set  wsat  of  the  Boston 
&  IjOwell  railroad  \  Croaa  Street  to  the  Watrli  Hand  Factory,  deep  loam  on  anrface, 
■and  and  gravel  below;  thence  to  Washington  Street,  loam  on  surface,  sand  and 
gravel  below  —  which  at  a  depth  of  about  three  feel  th>m  the  aarflux  oecasloosllj 
changed  Co  Dae  sand  mixed  with  clay. 

Matonn/. 

Contract  price:  — 

Brick-work,  American  cement  morlar,  pec  cubic  yard 912  00 

Brick-work,  Portland  cement  mortar,  per  cubic  yard,         ■        •  .      14  00 

Concrete,  American  cement  moitar,  per  cable  yard S  50 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 6  SO 

DiamelerB  ofanderdraln  laid,  and  length  of  each  siie:  — 


Approximate  coat  of  masonry  per  linear  toot  of  trencb,  inclndlng  anderdrain,  etc., 

to  date  (September  30),  $2.80. 
Length  of  maaonry  completed 6,164  f«et. 

Haaonr;  was  begun :  concrete.  Hay  12, 1893;  brlekmBtonry.  May  23,  ISQS.andis 
now  (September  30)  in  progreis. 
Approximate  coat  of  *ectlon  per  linear  Tool  of  excavation  and  masonry,  inclodlng 

labor,  malcrlal,  Inspection,  and  miscetlaneoaa  Items,  to  dale  (Septemtier  30) 


Excavation.  — The  earth  has  been  takea  from  the  trench  without 
the  use  of  boistiog  apparatus.  The  siDgle  opeaiDg  on  this  section 
was  begUD  near  the  Wobarn  Branch  railroad,  at  a  point  about  five 
hundred  feet  south  of  Beggs  &  Cobb's  tannery,  on  May  2,  18'J'i. 
OperaCiouB  have  now  (September  30)  nearly  reached  the  end  of 
the  section  at  Washington  Street.  The  plant  used  in  pumping  the 
ground-water  has  consisted  of  a  four-inch  and  aix-incb  centrifugal 
pump,  used  at  pump  wells  about  one  thousand  feet  apart  as 
needed.  The  greatest  amount  of  ground-water  pumped  in  any 
twenty-four  hours  was  estimated  to  be  800,000  gallons.  The  prog- 
ress of  escavation  has  been  continuous,  and  has  ordinarily  been 
about  three  hundred  feet  per  week. 

Foundalion. — The  underlying  earth  has  been  removed  to  a 
depth  of  eight  inches  below  the  bottom  of  the  masonry  for  about 
five  hundred  feet  near  Swantou  Street,  and  between  the  Watch 
Hand  Factory  and  Washington  Street.  It  has  been  replaced  with 
screened  gravel  near  Swanton  Street,  and  with  unscreened  gravel 
at  the  other  locality.  Peat  was  eucountered  for  about  two  hundred 
and  eighty  feet  west  of  the  Boston  &  Lowell  railroad,  and  a  pile 
foundation  was  here  put  in.     The  piles  were  from  eight  to  thirty 
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feet  long  (averaging  about  seventeen  feet) ,  were  driven  in  bents 
capped  with  eight-inch  by  eight-inch  timber  and  covered  with  a 
four-inch  platform. 

Difficulties, — The  sewer  has  been  built  under  the  Boston  & 
Lowell  railroad  in  Cross  Street  at  the  overhead  railroad  bridge. 
It  crosses  four  timesi  the  old  bed  of  Willow  Brook  north  of  Cross 
Street  and  the  canal,  or  tail-race,  from  the  Watch  Hand  Factory ; 
also  a  small  canal  or  culvert  in  Washington  Street  supplying  water 
for  power  to  run  the  same  factory.  At  the  creek  crossings,  and 
under  the  Boston  &  Lowell  railroad  in  Gross  Street,  the  sewer  has 
been  reinforced  with  Portland  concrete  to  a  height  of  six  inches 
above  the  arch.  Instead  of  the  brick  sewer,  twenty-four-inch 
Akron  pipe  was  laid  in  concrete  at  two  ditch  crossings  between 
Swanton  Street  and  the  Boston  &  Lowell  railroad,  at  one  of  the 
creek  crossings  north  of  Cross  Street,  and  under  the  tail-race  of 
the  Watch  Hand  Factory. 

Miscellaneous.  —  The  sewer  line  as  at  first  projected  has  been 
changed  between  a  point  in  Cross  Street  about  seventy-five  feet 
easterly  from  the  railroad  bridge  at  Winchester  Highlands  and  a 
point  about  two  hundred  feet  southerly  from  the  Watch  Hand 
Factory.  The  distance  between  these  points  is  about  one  thousand 
three  hundred  and  forty  feet,  and  the  saving  by  the  change  has 
been  about  eighty-four  feet.  The  heirs  of  the  estate  of  Samuel 
Richardson  decided  to  change  the  course  of  Willow  Brook  through 
their  premises,  which  made  this  change  in  the  line  of  the  sewer 
advantageous.  In  order  to  lessen  the  percolation  of  water  the 
entire  arch,  except  where  it  is  of  eight- inch  brick- work  in  Cross 
Street,  has  been  covered  with  an  extra  coat  of  Portland  cement 
concrete,  three-fourths  of  an  inch  thick.  The  crown  of  the  sewer 
arch  for  about  two  hundred  and  eighty  feet  in  the  meadow  west  of 
the  Boston  &  Lowell  railroad  is  within  six  inches  of  the  surface  of 
the  ground,  and  the  crown  is  within  one  and  one-half  feet  in  the 
meadow  north  of  Cross  Street.  An  embankment  of  the  surplus 
earth  is  being  built  over  the  sewer  at  these  places  with  its  top 
about  three  feet  above  the  arch.  The  section  will  probably  be 
finished  before  the  middle  of  October. 
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METROPOLITAN  SEWERAGE. 


[Jan. 


Section  46,  Winchesteb,  Wobubk  and  Stonbham. 

Location,  — From  WMhington  Street  near  the  entrance  to  Calvarj  cemetoiy,  in 
Winchester,  through  private  landf  on  the  westerly  side  of  Willow 
Brook,  crossing  Willow  Brook  and  thence  through  private  lands  on 
the  easterly  side  of  Clear  Water  Brook,  crossing  Hill  Street,  Stoneham 
Branch  railroad  and  Maple  Street  in  Wobnm  to  Montrale  ATonne  in 
Stoneham  near  the  Wobnm  and  Stoneham  town  line. 
Diameters  of  sewers  and  length  of  each  size :  -^ 
1  foot  10  inches  by  2  feet  3  inches,  .  .     2,376  fiset. 

1  foot  6  inches  by  2  feet, 1,081    '* 

1  foot  3  inches  (Akron  pipe), 2,300    ** 

Contractor.  —  Charles  Llnehan  of  Cambridge,  Mass.,  —  Mr.  LInehan  acting  as  his 

own  superintendent. 
Contractor's  Principal  Foreman,  —  Giuseppe  Chino. 


State  Aasittantt, 

Assistant  Engineer :  Edmund  S.  Davis. 
Inspectors :  Edward  A.  Clark,  Hadson  B.  Damon,  Paul  Hill. 
Transitman :  Principal  —  Guy  C.  Emerson. 
Assistant  —  J.  T.  P.  Jones. 


(I 


Trench. 


Brick 
Sewen. 


Pipe 
Sewer. 


Length  completed,  feet, 

Average  depth  of  excavation  to  bottom  of  anderdrain,  feet, 

Oreateet  depth  of  excavation  to  bottom  of  underdraio,  feet. 

Average  width  top  of  trench,  feet,  ........ 

Average  width  bottom  of  trench,  feet 

Volume  of  excavation  per  linear  foot,  cubic  yards,        .... 

Approximate  coat  of  trench  per  linear  foot,  including  sheeting  left 
in,  excavation  and  refilling  below  masonry,  backfilling,  etc.,  to  date 
(September  30), 


3,456.00 

10.60 

18.00 

8.68 

8.68 

1.82 


$1  40 


830.00 

8.» 

18.00 

S.M 

3.00 

.98 


Character  of  Earth  Excavation.  —  Mostly  sand  and  gravel.    Between  Willow 
Brook  and  Oakland  some  earth  resembling  hard  pan  was  found. 


Masonry  and  Pipe. 
Contract  price :  Masonry  — 

Brick-work,  American  cement  mortar,  per  cubic  yard,        ....   $13  00 

Brick-work,  Portland  cement  mortar,  per  cubic  yard, 16  00 

Concrete,  American  cement  mortar,  per  cubic  yard, 5  00 

Concrete,  Portland  cement  mortar,  per  cubic  yard, 6  00 

Contract  price :  pipe  sewer  — 
1  foot  3  inch  pipe  sewer  (including  trench), 186 

Diameters  of  underdrain  laid  and  length  of  each  size :  — 

6-inch, 2,106  fcst. 

8-inch, 2.084    *• 

Approximate  cost  of  masonry  or  pipe  per  linear  foot  of  trench,  including  under- 
drain, etc.,  to  date  (September  30) :  — 

Brick  sewers, |3  10 

Pipe  sewer  (including  trench  and  brick  man-holes),    •       .       .       .        •       160 
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Length  completed :  — 

Brick  aewere, 3,466  feet» 

Pipe  sewer, 707    " 

Masonry  begun,  April  26, 1893 ;  finished,  Sept.  19, 1893,  —  except  putting  concrete 

aronnd  pipe  nnder  railroad  and  building  some  brick  man-holes  on  pipe  sewer. 
Pipe  laying  was  begun,  Sept.  19, 1898,  and  is  now  (September  30)  in  progress. 

Approximate  cost  of  brick  sewers  per  linear  foot,  inclndlng  excayation  and  masonry, 
labor,  material.  Inspection  and  miscellaneous  items,  to  date  (September  30), 
f6.00. 

Approximate  cost  of  the  1  foot  3  inch  pipe  sewer  per  linear  foot  of  excavation  and 
pipe.  Including  masonry  at  man-holes,  labor,  material  and  inspection  and  miscel- 
laneous items  to  date  (September  30),  $1.70. 

EoBcavcUion,  —  The  earth  has  been  thrown  from  the  trench  by 
hand.  The  single  opening  on  this  section  was  started  April  5, 
1893,  on  Washington  Street,  Winchester,  near  Calvary  cemetery. 
Work  has  now  (September  80)  reached  the  Stoneham  Branch 
railroad  in  Wobnm,  about  seven  hundred  and  fifty  feet  easterly 
from  Oakland  Station.  The  crossing  under  the  tracks  has  (Sep- 
tember 80)  just  been  commenced,  by  tunnel.  The  excavation 
work  has  been  pursued  continuously,  and  has  ordinarily  progressed 
about  one  hundred  and  sixty  feet  per  week.  The  pumping  of 
ground-water  has  been  done  by  two  four-inch  centrifugal  pumps 
used  alternately  at  pump  wells  about  nine  hundred  feet  apart,  the 
first  of  the  series  being  located  near  Washington  Street.  The 
greatest  amount  of  ground-water  pumped  in  any  twenty-four  hours 
is  estimated  to  have  been  about  500,000  gallons. 

Foundation.  — The  bottom  of  trench  was  generally  of  very  good 
saAd  and  gravel.  At  two  short  places  on  the  westerly  side  of 
Willow  Brook  some  fine  wet  sand  was  found  in  the  bottom  and  was 
removed  to  a  depth  of  about  eight  inches  below  the  grade  of  the 
bottom  of  the  concrete  and  replaced  with  screened  gravel.  The 
concrete  invert  was  in  other  places  built  upon  the  natural  foundation. 

Miscellaneous.  —  A  twenty-inch  diameter  Akron  pipe  laid  in 
concrete  was  employed  at  the  Willow  Brook  crossing  instead  of 
the  brick  sewer.  At  the  glue  factory  in  Oakland  a  ten-inch 
diameter  Akron  pipe  was  laid  underneath  the  sewer  to  supply  water 
to  a  pump  well  in  the  factory  yard.  This  pipe  replaced  a  wooden 
box  which  crossed  the  line  of  the  sewer  at  an  elevation  which  would 
have  interfered  with  the  sewer.  The  well  was  deepened  about  two 
feet.  Between  Washington  and  Hill  Streets  the  arch  of  the  sewer 
has  been  covered  with  an  extra  coat  of  Portland  cement  plaster, 
to  lessen  the  percolation  of  water.  For  the  greater  portion  of  the 
work  the  property  owners  have  requested  that  the  surplus  earth  be 
left  on  the  ground. 


accommoaaie  loe  neeae  or  loe  worK.  many  oi  mose  inemionea 
in  tbe  foregoiag  detniled  account  of  sections  have  thus  epeat  but  a 
comparatively  short  time  on  the  sections  where  they  are  mentioned. 
Sections  1  (Deer  Island  Outlet).  3^  (Shirley  Gut  siphoa),  10 
(siphon  under  Chelsea  River),  25  (siphon  under  Mystic  Eiver, 
Charlestonn) ,  and  other  pieces  of  work  involving  much  more  than 
the  ordinary  risk  and  on  which  it  might  be  necessary  to  change 
the  plan  during  conatruelion,  have  been  or  are  now  being  done  bj 
foremen  and  laborers  directly  under  the  supervision  of  the  engineer- 
ing department  instead  of  by  contract.  On  work  in  general  the 
contract  system  is  preferable. 

Table  of  Pbogress. 

The  following  table  recapitulates  to  some  extent  the  detailed 

information  given  in  ttie  foregoing  report  and  in  those  of  preceding 

years.    Tbe  Charles  River  valley  sections  are  desigoated  by  letters, 

and  those  of  the  Noith  Metropolitan  district  by  numbers :  — 
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Pumping  Plant. 

Locatiom  of  proposed  Pumping  Stationa : 

Deer  Island :  Between  the  main  and  outfidi  sewers  of  Section  2,  and  abont  290 

feet  south-east  flrom  the  new  wharf. 
East  Boston :  At  Chelsea  Creek,  on  Addison  Street,  east  of  the  Grand  JixnctJkni 

branch  of  the  Boston  &  Albany  railroad. 
Cbarlestown :  At  the  sontherlj  end  of  Maiden  bridge  caaseway,  in  the  middto 

of  the  Mystic  River. 

Contractors  for  the  Pumping  Plant  at  each  Station : 
The  Edward  P.  AlUs  Company  of  Milwaukee,  Wis. 

The  plant  at  each  station  will  consist  at  first  of  two  pumping 
engines,  with  the  necessary  boilers,  piping,  etc.  Regarding  the  plant 
for  the  first  two  stations,  each  engine  is  to  be  capable  of  easily  rais- 
ing seventy  cubic  feet  of  sewage  nineteen  feet  vertically  abQve  t^e 
level  of  the  sewage  in  the  pump-well,  and  is  also  to  be  capable  of 
raising  to  greater  heights,  up  to  twenty-five  feet,  quantities  of  sew* 
age  inversely  proportional  to  such  lifts.  Each  engine  is  also  to  be 
capable  of  pumping  at  as  low  a  rate  as  fifteen  cubic  feet  per  seoond 
and  at  all  rates  between  fifteen  and  seventy  cubic  feet  per  second. 
The  pumps  are  to  be  of  the  centrifugal  type,  with  vertical  shafts. 
The  suction  and  discharge  pipes  will  be  each  forty-eight  inches 
in  diameter.  The  pump-wheel  itself  is  to  be  eight  feet  three  inches 
in  diameter,  and  is  intended  to  run  at  speeds  varying  from  sixty 
to  one  hundred  revolutions  per  minute,  according  to  the  amount 
of  sewage  and  the  height  to  which  it  is  lifted.  Each  pump-wheel 
is  to  be  driven  by  a  triple  expansion  engine  of  the  Corliss  type, 
the  three  cylinders  being  set  at  angles  of  60°  in  order  to  give  uni- 
form turning  movement  on  the  crank.  The  diameters  of  the  cyl- 
inders will  be  thirteen  and  one-half  inches,  twenty-four  inches 
and  thirty-four  inches,  and  the  stroke  thirty  inches.  The  dis- 
charge channels  from  the  pumps  will  contain  check- valves  to  pre- 
vent any  backward  flow  of  the  sewage  when  the  pumps  are  stopped, 
and  the  inlet  channels  from  the  pump-wells  will  be  provided  with 
gate-valves  to  admit  of  closing  the  passage  When  desirable. 

Regarding  the  plant  for  the  Cbarlestown  station,  the  quantity 
of  sewage  arriving  here  is  about  ooe-half  of  that  arriving  at  either 
the  East  Boston  or  Deer  Island  pumping  stations.  The  two  pump- 
ing engines  will  be  similar  in  general  design  to  those  at  the  other 
two  stations.  The  two  pumps  are  each  to  have  a  capacity  of 
thirty-five  cubic  feet  per  second  raised  eleven  feet  high.  The 
suction  and  discharge  openings  will  be  thirty-six  inches  in  diameter, 
the  diameters  of  the  pump-wheels  will  be  about  eight  feet,  and  the 
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cylinders  will  be  ten  inches,  eighteen  inches  and  twenty-six  inches 
by  thirty  inches  stroke.  According  to  contract  all  the  plant  is  to 
be  ready  for  operation  during  the  coming  summer. 

The  duty  guaranteed  by  the  contractors  for  these  pumping  en- 
gines is  75,000,000  foot-pounds  per  hundred  pounds  of  coal 
burned  for  Deer  Island  and  East  Boston,  and  70,000,000  foot- 
pounds for  Charlestown.  In  case  the  duty  developed  in  the  test 
duty  trials  exceeds  or  falls  short  of  the  guaranteed  duty  there  will 
be,  respectively,  a  bonus  paid,  or  a  fine  deducted  from  the  contract 
price,  to  be  calculated  from  the  following  formulae  ;  — 

Deer  Mand, 

$8,800,000. $3.S00,000^ 

Bonus  '-  j,(„m|^f  of  miUion  foot  pounds     Number  of  million  foot-pounds 

guaranteed.  developed. 

$5,300,000. $5.800,000. 

fine    a  Camber  of  million  foot-ponnds     Number  of  million  toot-pounds 

deTcloped.  guaranteed. 


Bonus  ss 


East  Boston, 
$5,000,000.  $5,000,000. 


Number  of  million  foot-pounds     Number  of  million  foot-pounds 
goaranteed.  developed. 

$7.000,000. $7,000,000^^ 

~  NumUtror  million  toui-pouiids  ""  Number  of  million  toot-pounds 
developed.  guaranteed. 

Charlestown, 

$1,800.000. $1.300,000. 

Bonus  =»  2<mi2),Qr  of  million  foot-pounds     Number  of  million  foot-pounds 

guaranteed.  developed. 

^ $1,800,000. $1,800,000. 

ine    B  24 amber  of  million  foot-pounds     Number  of  million  foot-pounds 

developed.  guaranteed. 

It  is  also  provided  in  the  contracts  that  no  bonus  shall  be  paid 

in  excess  of  $8,000  at  Deer  Island,  $10,000  at  East  Boston,  or 

$3,000  at  Charlestown.     It  is  further  provided  that  in  case  the 

duty  shown  by  the  trials  shall  fall  short  of  the  guaranteed  duty  by 

more  than  10  per  cent.,  the  plant  so  falling  short  may  be  rejected, 

but  may  be  used  at  a  reasonable  rental  until  a  new  plant  is  pro- 
cured. 

In  considering  the  relative  advantage  to  the  State  of  the  differ- 
ent offers  made  the  following  factors,  among  others,  were  taken 
into  account :  Probability  of  uninterrupted  service ;  cost  of  fuel, 
attendance  and  repairs  ;  first  cost  of  plant  (it  being  assumed  that 
the  latter  will  be  or  ought  to  be  replaced  by  a  more  advanced  type 
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in  an  assumed  term  of  years)  ;  cost  of  necessary  fonndations  and 
buildings ;  interest. 

Foundations  will  be  prepared  at  each  station  for  a  third  pump- 
ing engine,  and  the  work  is  so  planned  that  a  fourth  may  be  added 
if  it  should  ever  be  necessary. 


The  Fire  of  March  10. 

The  loss  to  the  State  by  the  fire  of  March  10  was  very  con- 
siderable, but  I  have  not  attempted  to  estimate  it  in  dollars  and 
cents.  About  one  thousand  plans  were  destroyed,  including  all 
of  those  obtained  at  the  beginning  of  the  work  from  the  State 
Board  of  Health.  A  few  calculation  books,  the  cement- testing 
apparatus  and  many  instruments,  etc.,  were  also  destroyed,  to- 
gether with  a  considerable  number  of  valuable  technical  books 
(some  of  which  cannot  be  duplicated),  which  were  the  personal 
property  of  the  writer  and  the  various  assistants.  The  assistant 
engineer  in  charge  of  the  records  (Mr.  Bridgman)  and  the  other 
assistants  promptly  placed  in  one  of  the  safes  most  of  the  calcula- 
tion books  and  drawings  which  were  then  being  used  in  the 
draughting  room,  and  at  the  same  time  Mr.  Carter  put  letter 
books  and  other  correspondence  into  the  other  safe.  The  con- 
tents of  both  safes  were  uninjured  by  tire,  but  were  somewhat 
injured  by  water.  The  danger  to  our  plans  by  fire  was  borne  in 
mind  at  the  beginning  of  the  work,  and  a  scheme  was  arranged 
and  carried  out  to  some  extent  for  duplicating  plans  and  studies 
and  storing  one  set  elsewhere.  This  considerably  lessened  the 
loss.  It  was  unfortunate  that  the  scheme  had  not  been  carried 
out  to  a  greater  extent. 

Cement  Testing. 

During  the  past  year  about  100,000  barrels  of  cement  have 
been  used,  about  55,000  barrels  of  American  natural  and  about 
45,000  barrels  of  imported  Portland.  About  fifteen  thousand  testa 
have  been  made,  to  the  end  that  brands  unsuitable  for  the  work 
might  be  rejected.  These  tests  have  been  made  on  substantially 
the  lines  described  in  previous  reports.  The  testing  apparatus 
described  in  the  fourth  annual  report  was  destroyed  in  the  fire  of 
March  10.  The  present  equipment  consists  of  a  Fairbanks  test- 
ing machine,  tanks  for  the  immersion  of  briquettes,  etc.  The 
briquettes  are  now  made  by  hand. 


The  New  and  Old  Mrsnc  Vallet  Sewers. 

The  Bo-called  Mystic  Valley  sewer,  from  Woburn  Centre  to  the 
lower  Mjatic  lake,  was  bnilt  by  the  city  of  Bostoo  about  Bfteea 
years  ago.  So  much  of  this  sewer  as  lies  below  a  poiot  about 
seventy-five  feet  north  of  the  Winchester  and  Wobarn  line  baa 
been  purchased  of  the  city  of  Boston  and  incorporated  as  a  pai't  of 
the  Metropolitan  system.  It  was  well  known  when  the  State  Board 
of  Health  plan  was  made  that  this  Mystic  Valley  sewer  did  not 
afford  nearly  as  liberal  carrying  capacity  for  the  district  tributary 
to  it  as  was  afforded  by  other  parts  of  the  Metropolitan  system. 
It  was  believed  however  that  it  would  sutSce  for  a  long  time,  and 
this  view  had  been  previously  held  by  the  Masaacbusetts  Drainage 
Commission.  But  in  studying  anew  tbe  Metropolitan  system  for 
this  locality  it  was  found  that  hoitses  built  upon  certain  limited  low 
districts,  which  were  regarded  as  permissible  building  ground  by 
tbe  town  officials  of  Winchester,  could  not  be  drained  into  this 
sewer.  It  was  also  strongly  urged  to  your  Board  by  citizens  and 
officials  of  Winchester  that,  as  the  town  had  to  pay,  in  ptoportion 
to  its  property  and  the  number  of  inhabitants,  as  much  as  any 
other  town  or  city  making  use  of  the  system,  the  trunk  sewer 
serving  this  district  should  have  as  liberal  capacity  as  other  parts  of 
the  Metropolitan  system.  It  was  also  urged  that  before  many  years 
tbe  time  might  possibly  arrive  when  the  sewer  would  not  suffice  and 
that  an  additional  trunk  sewer  to  the  Metropolitan  system  would 
then  have  to  be  built  in  this  locality.  Tbe  local  system  planned  to 
connect  with  the  old  Mystic  Valley  aewer  would  then  necessarily 
have  to  be  altered  to  connect  with  the  new  Metropolitan  sewer, 
involving  considerable  and  vexatious  changes.  After  study  and 
consideration  of  tbe  matter  your  Board  decided  to  adopt  the  old 
MystJc  Valley  sewer,  as  at  first  planned,  and  to  build  at  once  an 
additional  sewer  through  this  locality.  Sections  44  and  44^,  de- 
scribed elsewhere  in  this  report,  constitute  this  new  sewer,  which 
will  take  the  sewage  of  East  Woburu,  most  of  Stoneliam  and  most 
of  Winchester.  This  new  sewer  is  from  four  to  five  and  one-half 
feet  lower  than  the  old  Mystic  Valley  sewer,  and  will  provide  for 
the  house  drainage  from  the  low  districts  previously  alluded  to. 
The  old  Mystic  Valley  sewer  will  take  the  sewage  from  Woburo 
Centre,  North  Woburn,  Cummingaville  and  a  small  district  in 
Winchester  near  the  Woburn  line. 


It  appears  that  the  coat  of  the  BletropoUtan  Sewerage  Sys- 
tem when  completed  will  be  aboat  ten  per  cent,  more  than  was 
originally  estimated.  Thie  statement  inclndea  all  cost  to  the 
State  except  that  for  land  damages.  Settlements  have  eo  far 
been  made  with  only  about  o&e-fiftb  of  the  owners  of  private  land 
taken  for  our  work,  and  It  appears  Impracticable  to  make  any  reli- 
able estimate  at  present  as  to  how  the  actual  land  damages  will 
compare  with  the  original  estimato.  The  excess  of  cost  of  con- 
struction beyond  the  original  estimate  may  be  partly  accounted 
for  aa  follows ;  The  system  as  constructed  has  a  capacity  about 
ten  per  cent,  greater  than  tliat  provided  for  in  the  original  design ; 
Sections  44  and  44J  (the  new  Mystic  Valley  sewer,  referred  to  on 
preceding  pages)  costing  about  $75,000,  were  not  originally  con- 
templated and  were  not  estimated  for ;  *  the  cost  of  labor,  both 
skilled  and  unskilled,  has  very  decidedly  advanced  since  the  original 
estimate  was  made. '  The  statistics  used  in  making  the  original 
estimate  of  cost  were  destroyed  in  the  fire  heretofore  alluded  to, 
but  the  advance  in  prices  may  be  indicated  by  a  comparison  of  the 
cost  of  the  masonry  on  the  eleven  principal  contract  sections  of 
the  Boston  main  drainage  sewers  with  that  of  like  sewers  on  the 
Metropolitan  System.  This  comparison  shows  that  the  contract 
brick-work  on  the  latter  system  has  cost  thirty-nine  per  cent,  more 
per  cubic  yard  than  that  on  the  Boston  system. 

The  uncertainty  of  an  estimate  of  cost  of  deep  and  difflcult 
work  like  that  on  the  Metropolitan  System  can  perhaps  best  be 
illustrated  by  esaraining  the  bids,  which  have  all  been  shown  in 
the  appendices  of  this  and  preceding  reports.  On  Section  14,  for 
example  (see  page  132,  fourth  annual  report;  there  were  seven 
bids,  made  by  experienced  and  skillful  contractors,  on  the  items 
included  in  the  cauvass.  These  bids  ran  from  $148,837  up  to 
S203,596.  On  nearly  every  contract  section  the  percentage  of 
variation  has  been  greater  than  that  in  tbe  illustratitm  just  given. 

When  will  the  Metropolitan  SsivEitAOE  SrSTEM  be  completed? 
Tbe  foregoing  question  has  often  l)een  asked,  and  in  order  not  to 
cause  disappointment  very  cautious  answers  have  been  given.  It 
was  said  in  tlie  report  of  last  year  that  weeks  of  hard  labor  had  at 
times  been  expeuded  at  points  on  our  work  without  gaining  a  foot 
of  gronnd  in  advancing  the  sewer,  and  that  other  obstacles  of  equal 

for  tlB,000  Um  tban  the  inm 
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diffioalty  had  yet  to  be  contended  with.  A  year  has  passed  since 
the  above  statement  was  made,  and  many  difficulties  have  now 
been  overcome.  Some  still  remain.  It  cannot,  for  example,  with 
certainty  be  said  how  long  it  will  take  to  complete  the  outlet.  The 
Charlestown  pumping  station,  in  the  middle  of  the  Mystic  River, 
and  the  remainder  of  the  siphon,  may  be  built  without  serious 
trouble,  but,  on  the  other  hand,  long  delay  may  occur.  It,  however, 
seems  probable  that,  if  means  are  furnished,  the  work  will  be 
nearly  if  not  quite  completed  during  the  year  1894. 

Respectfully  submitted, 

HOWARD  A.  CARSON, 

Chief  Engineer, 
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Table  D. 

MAINTAINING  AND  OPERATING  CHARLES  RIVER  VALLEY  SEWER, 


189S. 

Oct.     1, 
ISftS. 

Jan.  31, 

18Mi. 

Oct.  31, 
81, 
81, 
81. 

Nov.  80, 
80, 
80, 
80. 

Dec.  80, 

30, 
30, 
80, 
80, 
80, 

Jan.  81, 
81, 
81. 
81, 

Feb.  28, 

28, 
28, 
28. 
28, 

Mar.  81, 

81, 
81, 
81, 


Apr.  20, 

29, 
29, 

May  81, 

81, 
81. 
81, 

Jane  80, 
30, 
80, 
30, 

July  81, 
31. 
31. 
31, 
81, 

81, 


Aug.  81, 
81, 
81, 
81, 

Bept.  30, 
30, 
30, 
30, 


Da. 


To  balance  amoant  unexpended  from  appropriation 

of  1892, 

To  appropriation  made  by  chapter  11,  Acta  of  1808, . 


Cb. 

By  amount  paid  for  travelling  ezpenaes, 
**  **        forauppllea. 

**  **        for  Inspector's  salary, 

••  ••        forUbor,     . 


By  amoant  paid  for  travelling  eKpenaee, 
**  "        for  supplies, 

«•  "         for  labor,     . 

**  "        for  inspector's  salary, 


By  amount  paid  for  travelling  expenses,    *. 
for  horse  and  wagon, 
for  supplies, 

for  labor,     .... 
for  Inspector's  salary, 
City  of  Boston  for  disposing  of 
age  to  date,    . 


•I 
(• 
(I 

41 


f  * 
t« 
«t 
•t 
<( 


By  amount  paid  for  travelling  expenses, 
**  **         for  supplies, 

"  ••         for  labor,     . 

**  **        for  Inspector's  salary, 

By  amount  paid  for  travelling  expenses, 
**  "         for  supplies, 

*•  *•        for  sleigh,   . 

"  ••        for  labor,    . 

**  **        for  inspector's  salary. 


By  amount  paid  for  supplies, 

"  •'         for  labor 

"  **         for  inspector's  salary, 

<*  **        City  or  lk>ston  for  disposing  of 

age  to  date,    . 


By  amount  paid  for  travelling  expenses, 
**  "        for  supplies, 

••  ••         for  lat»or,     . 

**  **        for  inspector's  salary, 


By  amount  paid  for  travelling  expenses, 
*'  '*        for  supplies, 

"  "         fur  labor,    . 

**  **        for  Inspector's  salary. 


By  amount  paid  for  travelling  expenses, 
**  **        for  supplies,       .       . 

•«  "        for  labor,     . 

**  **        for  Inspector's  salary. 


By  amount  paid  for  travelling  expenses,     • 
**  **         for  supplies, 

fur  labor,    .... 

for  inspector's  salary. 

City  of  Boston  for  disposing  of 

*Ke 

for  services  of  commissioners'  clerk 
chief  engineer,  etc.. 


(I 
•« 

II 


II 
•I 
i< 

II 


By  amount  paid  for  travelling  expenses, 
'*  '*        for  supplies, 

*•  **        for  labor,    . 

*'  **        for  inspector's  salary, 


By  amount  paid  for  travdllng  expenses, 
**        for  supplies, 
**        for  labor,     . 
*'        for  inspector's  salary. 


ti 
II 


seW' 


sew 


sew 


Balance, 


$6  04 

1  20 

186  00 

10ft  88 


f  7  47 

81  96 

181  08 

lao  00 


f  21  02 
186  00 
89  78 
148  50 
130  00 

6,780  00 


$8  16 

2  45 

02  25 

80  00 


$3  25 

28  27 

26  00 

108  68 

130  00 


$17  08 

76  00 

120  00 


5.750  00 


$7  20 

30  65 

119  15 

186  00 


$6  00 

29  00 

108  00 

125  00 


$4  86 

10  25 

860  98 

186  00 


$4  00 

16  87 
139  90 
130  00 

5,760  00 

560  00 


$25  55 
132  24 
260  10 
130  00 


$6  05 
146  18 
144  00 
336  00 


'  $8,750  40 
26,S<»00 


$85,250  40 


$347  eo 


861  41 


6,802  37 


07  85 


200  20 


5,968  08 


202  00 


268  00 


619  60 


6,680  77 


546  89 


430  18 


21,899  84 
$13,350  M 
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others  —  includes  all  amounts  paid  for  labor  on  this  system 
during  the  year. 
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ASSETS  AND  LIABILITIES  SEPT.  30,  1893. 


Assets. 

Office  furniture,  fittings  and  supplies,  including  fittings  for 

field  offices,  stationery  and  railroad  tickets. 
Engineering  instruments  and  supplies, 
Engines,  pumps,  boilers,  etc., 
Derricks,  inclines  and  heavy  appliances. 

Miscellaneous  tools, 

Miscellaneous  supplies, 

Engineers^  field  offices,  sheds,  tool  houses,  etc.. 
Stock  yard  and  building.  East  Boston,  . 
House  and  lot,  Pearl  Street,  Chelsea,    . 

Vacant  lots,  Winthrop, 

Cash  received  as  follows :  — 

Eor  services  of  commissioners,  chief  engineer 
and  clerk  in  maintaining  Charles  River  Val- 
ley System, $650  00 

For  brick  bats, |305  05 

Less  teaming,     .        .        .        .        12  01 

293  04 

For  rent  of  house,  63  Pearl  Street,  Chelsea,     .    156  00 
For  blue  prints  and  table,         .  .        .        3  60 


$2^00  00 

4,000  00 

8,700  00 

1,000  00 

3,600  00 

1.600  00 

3,700  00 

2,500  00 

3,500  00 

1300  00 

1,002  64 
$33,902  64 


There  are  nameroas  necessary  plans,  drawings,  calculations  and 
studies  relating  to  the  work  to  which  no  stated  value  can  be 
assigned ;  also  between  forty  and  forty-one  miles  of  completed 
sewer. 

Liabilities. 

Salaries  due  engineers,  inspectors,  rodmen,  laborers,  and 

others, 

Due  for  labor  in  maintaining  Charles  River  Valley  System, 
Amounts  due  contractors  for  estimates  approved, 
Amoimts  due  sundry  parties  for  cement  and  brick,    . 
Sundry  small  bills, 


$6,667  55 

85  30 

26,702  00 

9,975  05 

28,077  60 


$71,507  50 


There  are  also  various  amounts  due  contractors  upon  the  several 
sections  of  the  work  which  will  be  paid  on  succeeding  estimates, 
or  after  the  completion  of  their  contracts. 


